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iS4) Title: COATED H^'SFHR SHEET COMPRISING A TOERMOSETflNG OR UV CURABLE MATERIAL 

«(S7) Abstract 

A coated transfer sheet comprising a 
substrate ^ving a Arst and second surface; 
at least one >thennoseaing and/or UV -curable 
polymeric baxrier layer overlaying said first 
surface, at least one release -iayer overiapng 
said at least one barrier layer, and an optional 
image receiving iayer, whuiein the coated 
owfer sheet exhibits cold peel, hot peel, 
or wami "peel properties when ^crahsfened. 
The sheet may be imaged in eleotrostatic 
printers and copiers or imaged widi odier 
image miarking techniques such as Ink let, 
^conventional printing inks, themud wax, and 
all *crafi-type marken. Tttt resulting image 
^«ay be imagewise applied to a receptar. 
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*COATED IHANSFER SHEET 
CpMPRI-SING A IWERMOSETTING 
5 * .OR «tJV CURABLE mTSRIAL 

BACKGROUN D OF THE INVENTION 
The contents of Provisional Application No. /eo/lSOiSOO 
10 filed A;pril 23, 1599 and r60/133/6€l ^il-ed -May 12, 1999, on 
which the present 'appli<:ation is based sand -benefit • Is 
cleiined under 3S ^U.S.C. 119(e) is herein incorporat^ed by 
refie'rence . 

The present invention relates to a tr-ansfer sheet 

15 comprising a barrier layer and a release layer. Further, the 
present invention relates to a method of transferring i-mage 
areas and non-i^nage areas of said transfer sheet to a 
receiptor 'element. More specifically, the present invention 
relates to an image transfer ;paper which can be imaged in 

20 electrostatic printers and copiers or other devices in which 
colorant >or pigment particles are imagewi-se applied to a 
•substrate or which are imaged with other image -marking 
technigues such as i^^eging with irJc jet, conventional 
printing inks, thermal wax and craft -type markers, and 

25 having images which are capable of being 'directly 
transferred to, for instance, a receiver such as a textile 
(e.g., a shirt or the like). 

Textiles such as shirts (e.g., tee shirts) having a 
variety of designs thereon have become very popular in 

30 ■ recent years. Many -shirts are sold with pre-printed designs 
to suit the tastes of consumers. In addition, many 
customized tee shirt stores are in the business of 
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-permitting ^ru-stomers. to select designs or <iecals <)f bheir 
ohoice. Proces-ses have also been proposed which permit 
customers to create their own designs on transter sheets ifor 
application to tee shirts by use of a ^conventional hand 
5 iron, such as described in U.S. Patent No. 4,244,358 issued 
Sept'einber 23, 1980." Purt-hermore , U.S. Patient i3o. 4,773,953 
issued Sept^ember -27, 1988, is directed -to a <nethpd for 
utilizing a personal computer, a video camera or *the like 't-o 
create graphics, images, or creative desi-gns on a fe^bric. 

A3S vPat-^ent. 5, €2 0,548 is direct-ed to a silver halide 
photographic transfer ^element and to a method *for 
*tr-ansferri«ng an image from the c^ransfer element to a 
receptor surface. Provisional application ^60/^29, "917 Inow 
U.S. Patent No. 6,033,824 issued Warch 7, 2000) discloses 

15 that the silver halide li^ht sensitive grains toe dispersed 
within a carrier that functions as a transfer layer, and 
does not have a separate transfer layer. Provisional 
application '60/056,446 {now U.S. Patent Application «No. 
09/138,553) discloses that the silver halide transfer 

20 element has a separate transfer layer. Provisional 
Application :60/065,806 (now U.S. Patent Application -No. 
09/191,373) relates to a transfer element using CYGOLOR 
technology, and has e separate transfer l^yer. Provi-sional 
Application ^60/065,804 (now U.S. Patent Application ^No. 

25 09/191, 369 )v relates to e transfer eleinent using thermo- 
autochrome technology, and has a separate transfer layer. 
Provisional application 60/030,933 (now U.S. Patent 
Application No. 08/970,42-4) relates to e transfer element 
^sing CYCObOR and t he rmo- autochrome technology, but having 

30 no separ-ate transfer layer. 
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•U.S. Patent 5,798,179 is .dir«ect*ed to a print^le beat 
transfer material usi4ig a thermoplastic polymer such as a 
bard acrylic polymer or :poly (vinyl acetate) as a barrier 
layer, and has a separate film- forming binder layer. 
5 U.S. Patent 5,271,990 relates ^to an image -receptive 

beat transfer ^paper which includes an image -receptive melt- 
transfer film layer ^con^jrising a thennoplastic polyner 
overlaying the -top surf ace of a -base sheet . 

U.S. Patent 5,5G2,S02 relates to a printable material 
10 comprising a thermoplastic polymer and a film-forming 
binder. 

U.S. Patent 5,614,345 relates to a paper for thermal 
image transfer to flat porous surfaces which contains an 
ethylene copolymer or a ethylene copolymer mixture and a 

15 dye -receiving layer. 

U.S. Provisional Application No. €0/127,625 and U.S. 
Application No. 09/541,083 filed March 31, 2000 relate to a- 
transfer sheet comprising a polymeric comp>osition which in 
turn comprises an acrylic dispersion, an elastomeric 

20 emulsion, a plasticizer, and a water repellant. Preferably, 
the Barrier Layer in 09/541,083 is any vinyl acetate with a 
Tg in the range of from 0°C to lOG^C. Alternatively, the 
barrier layer in 09/54 1,0€3 is EVERFLEX G, as ciscus-sed in 
the preferred embodiment, with a Tg of about -7®, may be 

25 used . 

U.S. Patent 4, 2 35, '65 7 relates to a melt transfer web 
for transferring pre-printed inked graphic patterns onto 
natural or synthetic base fabric sheets comprising, a 
crcsslinking poljTner-containing barrier layer. 
30 U.S. Patent 5,603,996 relates to a coated substrate 

sheet material for use in ma.king containers that comprises a 
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^barrier layer that in turn coniprises a cross- linkabl-e 

One prob3^em wi^h inany known ^ransf^f sheietis is Chat 
when conventional transfer Tnaterials travel through laser 
5 .printers or copiers, Che hi-gh temperature in the printers 
and copiers partially •melts some polymer materials, such ^as 
a wax, pre^sent in the transfer imaterial . As a result, the 
l^ser printer or copier must -be frequently cleaned. The 
present invention solves this problem in the art. ^However, 

l-*0 Che present invent icn is not limited tc use in laeer 
printers and copiears. 

Therefore, in order to attract the interest of consumer 
groups that are already captivated by the tee shirt rage 
described above, the present inventors provide, in one 

IS embodiment of the invention, the capability of transferring 
images directly to a receiver element using a material 
•capable of holding and transferring an image. A unique 
advantage of -the invention is to enable all consumers to 
wear and di-splay apparel carrying designs that were formed 

20 on the substrat^e -of the present invention by, for example, a 
photocopier, a computer printer, or by hand application 
(i.e., painting) in a -tiinely and cost efficient ^means. 

<;TTMMZ^T<y OF THE INVENTION 

25 The present invention relates to a transfer sheet 

comprising a barrier layer and a (e.g. conventional) relea-se 
layer. In one preferred errtoodiment , the releas-e layer 
conpri'ses a ^polymeric composition comprising an acrylic 
dispersion, an elastomeric emulsion, a plasticizer, and a 

30 water repellant. The polymeric composition of the paresent 
invention may comprise an acrylic dispersion which is an 
ethylene acrylic acid dispersion, the plasticizer is a 
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polyethylene glycol, end t-be water repel lant is polyurethane 
di-spersion. The ethylene ecrylic acid preferably ^elts in 
the range of Irom «S*^C to fibout 180**C. The elastomer i-c 
emulsion and -the ^polyurethane di-sipersion have a Tg in *the 
5 range of from about -SO^C to about 2S*?C. 

The -elastomeric emulsion may i>e 'Select^ed trom, for 
example , polybut adiene , ;p>olybut adiene -deri vat i ves , 
polyurethane , polyu2?ethane der i vat i ves , styxene -butadiene , 
St yrene - but adiene --s t yrene , aory loni t r i le -butadiene , 

10 acrylonitrile-butadiene- styicene , aory lonitrile -ethylene - 

-St yrene , polyaorylates , jpolychloroprene , ethylene - vinyl 
acetate and poly (vinyl chlcri-de) . 

The a<3dition of elastomer ic ^polymers 'and rp>olyurethane 
polymers also help provide wash stability and chemical. 
IS stability. 

The above -described polymeric composition is useful as 
a release layer (i.e., transfer layer) in an imaging 
•material . 

- The "barrier layer of <the present invention provides 
20 "cold peel," "warm peel" and "hot peel" features to the 
present invention. That is, the transfer Tnaterial of the 
present invention is optionally allowed to cool after 
transfer to the substrat.e. The barrier layer of the present 
invention comprises thermosetting ^and/or ultraviolet <UV) 
25 curable polymers. The thermosetting polymers of the barrier 
layer set upon the addition of heat energy. UV curable 
polymers are typically cured initially by ultraviolet 
activation, then further cured by exposure to a heat source. 
The imaging material of one embodiment of the present 
30 invention comprises a substrate, a barrier layer, a release 
layer and an optional image -receiving layer. 
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The imaging material of -the present invention oan 4>e 
imaged upon *using ^lectronio means or oraft-type marking. 
The electronic means may toe, for -example, .electr-ostatio 
printers incliiding tout ^not limited to les^er printers or 
5 laser oopiers <icolor or monochromatio) . In -another 
embodiment, the invention may also toe practiced with ink jet 
or thermal transfer .printers . The 55re sent invention may also 
be practioed with offset printing (conventional printing) or 
screen printing. ^Further, -the present invention may toe 

10 practiced using oraft-type ^markings such as, for iexample, 
markers, crayons, paints or pens. 

♦When a laser printer or la^ser copier is used -^to image 
the imaging material of the present invention, 'tlie imaging 
material of the present invention may optionally comprise en 

15 antistatic layer, which is coated on the toackside of the 
sutostrate (i.e., the sioe that was not previously coated 
with the release layer, etc.). The resulting image can toe 
transferred to a receptor element such .as a .tee shirt ^using 
heat and pressure from a hand iron or a -beat press. 

20 In another embodiment of the present invention, the 

substrate -comprises a sheet of a nonwoven cellulosic 
support, or polyester film support, with at least one 
release layer thereon comprising an acrylic dispersion, an 
elastomeric emulsion, a plasticizer, and a water repellent 

25 material providing .an effective transfer or release- layer. 

In one embodiment of the invention, the substrate may, 
for iexample, -be a nonwoven cellulosic support, or polyester 
film support, with overcoat layers such as a barrier layer 
of the pres^ent invention comprising a polymer to prevent the 

30 toner and release layer from adhering to the support; and a 
release layer to effectively transfer and release the 
r-^lease and optional image layer (s) . The release layer 
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preferably comprl'&es an acrylic *di"«persion, an .elastomer ic 
emulsion, a plasti-ci^zer, and a wat^r repellent inafeerial. The 
-optional i^mage receiving layer preferably <:onprises an 
acrylic dispersion and pptional filler agents -{wrtii the 
5 purpose of modulati-ng 'the -surface characteristics of the 
invention) to facilitate the i^naging of the selected marking 
or imaging t^echnigue -(e.-g. toner) . One example of a 
commercially available substrate is a standard sheet of 
laser copier /printer paper such as Micropri'nt Laser paper 

10 from iGeorgia Pacific. 

The coated substrate is, for example, placed in a laser 
copier or printer (color or ^monochromatic) and i»meged on top 
of the optional image receiving layer. The printed sheet is 
placed image side against a receptor (such as, for example, 

15 a tee -shirt) . Heat and pressure are applied to the non- 
image side of the substrate to transfer the release layer (s) 
and the optional image receiving layer (s) . The substrate is 
optionally allowed to cool and then removed from the 
receptor . 

20 

BRIEF DSSCRIPTION OF THE DRAWINGS 
The present invention will become more fully understood 
from the detailed description given hereinbelow, and the 
accoirpanying drawings that are given by way of illustration 
25 only and thus are not limitive of the present invention, and 
wherein: 

FIGURE 1 is a cross -sectional view of the preferred 
en±)odiment of the transfer element of the present invention; 

Figure 2 illustrates the image transfer procedure; and 
30 FIGURE 3 illustrates the step of ironing the transfer 

element onto a tee shirt or the like. 
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DETAILED DESCRIPTXON OF THE INVENTION 
The present invention preferably includes an i^nagable 
transfer sheet comprising a ^support, a barrier layer and a 
trelease layer. The invention further relat^es to a ^nethod of 
5 'transferring an image tvom the transfer sheet to a receptor 
element . 

In one emboditnent of the present invention, the Release 
Layer comprises a polymeric 'conposition whi*ch in t-um 
comprises an et-hylene acrylic acid dispersion, an 

10 elastomer ic emulsion, a polyure thane dispersion, and 
polyethylene glycol . In another *embodi'ment of the invention, 
<,he Release Layer compri-ses a ^polymeric composition which in 
turn comprises an ^ethylene acrylic acid dispersion, a wax 
dispersion, and a retention aid. The polymeric composition 

15 of the release layer preferably has a melting point in the 
range of from €S^C to about IBC^C. However, , any suitable 
releas^e layer known in the art may be used. 

In a preferred embodiment, the present invention 
comprises a substrate coated with a barrier layer, release 

20 layer, optional i4nage receiving layers, and/or and -an 
optional antistatic layer. Because the release layer also 
provides adhesion to the receptor, no separate adhesive 
layers are required. 

25 A. The Transfer Material 
1. Sub^trat? 

The substrate is the support-material for the transfer 
sheet onto which an image is applied. Preferably, the 
substrate will provide a surface that will prornote or at 
30 least not adversely affect image adhesion and i-mage release. 
An appropriate substrate may include but is not limited to a 
cellulosic nonwoven web or film, such as a smooth surface, 
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^heavyweight (approximately 24 lb.) laser printer or color 
-OQpier paper stock or laser pri'nter transparency <poly*est^r) 
film. tPrefer^ably, the substrate of the pr*esent invention rs 
a sheet of las^er copier /printer paper or a polyester film 
"S base. However, highly porous substr-ates are less preferred 
•because they tend to absorb large amounts of the toner in 
copiers without providing as TOuch relea-se. T-he particular 
substrate used is not known -^to be critical, so long as the 
substrate has sufficient strength for handling, copying, 

1- 0 coating, heat transfer, ^nd other operations associated wit-h 

the present invention. Accordingly, in aocordance with some 
embodiments of the present invention, the sxibstrate may be 
the ba^e material for any printable material, such as 
described in U.S. Patent No. 5,271,990 to Kronzer. 
IS In accordance with other embodiments of the invention, 

the substrate is usable in a laser copier or laser printer. 
A preferred substrate for this embodiment is equal to or 
less than approximately 4.0 mils thick. 

Since this particular substrate is useable in a lasher 

2- 0 copier or laser printer, antistatic agents may be present. 

The antistatic agents 'may he present in the form of a 
coating on the back surface of the support as an additional 
layer. The -back Surface of the support i-s the surface that 
is not previously coated with the relea'se layer, barrier 

25 layer, etc. 

When the antistatic agent is applied as a coating onto 
the back surface of the support, the coating will help 
eliminate copier or printer jarmning fay preventing the 
electrostatic adhesion of the paper base to the copier drum 

30 of laser and electrostatic copiers and printers. Antistatic 
agents, or "antistats" are generally, but not necessarily, 
conductive polymers that promote the flow of charge away 
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from the paper. .Ant i stats <:an also he •'humect^nts" that 
modulate tfee level of moisture in a -paper coating that 
affects 'the build up of <:harge. Antistats are commonly 
charged tallow ammonium compounds .and complexes, tout also 
5 can be complexed organome tallies, i^tlstats *may also be 
charged polymers ^hat have a similar charge .polarity as <he 
copier /printer drum; whereby the repulsion of like charge 
.helps prevent jamming. 

Antistatic agents include, by way of illustration, 
10 derivatives of propylene •glycol, ethylene oxide- propylene 
oxide -block copolymers, organome tall ic complexes such as 
titanium -dimethylacrylate oxyacetate , polyoxyethylene oxide- 
polyoxyproylene oxide cqpolymers and derivatives of eholic 
acid. 

15 More specifically, commonly used antistats include 

those listed in the Handbook of Paint ^f>d Cnatino Raw 
Materials , such as t-Butylaminoethyl methacrylate; Capryl 
hydroxyethyl imidazoline; Cetethyl •morpholinium ethosulfate; 
Ooeoyl hydroxyethyl imidazoline Di<butyl, methyl 

20 pyrophosphato) ethylenetitanate di (dioctyl, hydrogen 

phosphite) ; Dicyclo (dioctyl)pyrophosphato; titanate; Di 
(dioctylphosphato) ^ethylene titanate; Dimethyl diallyl 
ammonium chloride; Distearyldimonium chloride; N/N' -Ethylene 
bis-ricinoleamide; Glyceryl mono/dioleate; ^Glyceryl clea^te; 

25 'Glyceryl stearate; Keptadecenyl hydroxyethyl imidazoline; 
Hexyl phosphate; N (S-Hydroxyethyl) ricinoleamide; (2- 
Hydroxypropy i ) benzenesul f onamide ; I-sopropyl 4 - 
aminobenzenesulf onyl di (dodecylbenzenesulfonyl ) titanate; 
Isopropyl dimethacryl isosteeroyl titanate; . 

3^0 isopropyltri (dioctylphosphato) titanate; Isopropyl 
tri (dioctylpyrophcsphato) titanate; Isopropyl tri (N 
ethylaminoethylamino) titanate ; (3-Lauramidopropyl ) 
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t rime thy 1 -ammonium methyl sulfate; Nouyl nonoxynol - IS ; Ol^eyl 
hydroxye thy 1 imidazoline; *Palmitic/st«aric aci<3 
mono/diglycerides; PCA; :PEG-36 castor oil; PEG- 10 cocamine; 
PEG-2 laurat^e; PEG-2; tallowamine; PEG-B tall-owamine; PEG- 15 
5 tall-owamine; ^EG-20 tallowamine; Poloxamer 101; f>oloxamer 
108; ^Poloxamer 123; ^oloxamier . 124 ; Poloxamer 181; Poloxamer 
M2; Polaxamer 184; Poloxamer 185; Poloxamer 188; Poloxamer 
217; Poloxamer 231; Poloxamer 234; Poloxamer 235; Poloxamer 
237; Poloxamer 282; Poloxamer 288; Poloxamer 331; Polaxamer 

10 333; Poloxamer 334; Poloxamer 335; Poloxamer 338; Poloxamer 
401; Poloxamer 402; Poloxamer 403; Poloxamer 407; Polo'xamine 
304; Poloxainine 701; PoiQxamine 704; Polaxamine 901; 
Poloxamine S04 ; Poloxamine 908; Poloxamine 1107; Poloxami-ne 
1307; Polyamide/epichlorohydrin polymer; Polyglycaryl-10 

15 t€traol«eat€; Propylene glycol laurate; Propyl.ene glycol 
myristat€; PVM/MA copolymer; poly^ther; <>uat€mium-18; 
Slear-amidopropyl dimethyl -S-hydroxyethyl ammonium dihydrogen 
- phosphate ; Stearamidopropyl di-methyl - 2 -hydroxyethyl ammonium 
nitrate; Sulfated peanut oil; Terra (2, <iiallyoxymethyl-l 

20 butcxy titanium -di Wi-^tridecyl) phosphite; 

Tetrahydroxypropyl ethylenediami-ne; Tetraisopropyl di 
(dioctylphosphito) titanate; Tetraoctyloxytitanium di 
(•ditridecylphosphite) ; Titanium di (butyl, octyl 
pyrophosphate) di (dioctyl , hydrogen phosphite) oxya^cetat^; 

25 Titanium di (cumylphenylate) cxyecetete; Titanium di 

(dioctylpyrophosphate) oxyacetate; Titanium -dimethacrylate 
oxyacetate. 

Preferably, Marklear AFL-23 or Warkstat AL-14, 
polyethers available from Whitcc Industries, is used as an 
30 antistatic agent. 

The antistatic coating may be applied on the back 
surface of the support by, for example, spreading a solution 
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•comprising an antistatic ^agent (i.«., with a ^inetering rod) 
onto the back surface of ^tiie support and then drying the 
substra^te. The present invention may use the antistatio 
<:oati'ng disclosed in Provisional Application -60/127, i62S 
S filed April 1, 1999 by Williams et al. 

An exan5)le of a rpr^'ferr^d substrate of the present 
invention is Georgia Pacific brand Microprint Laser Paper. 
However, any commercially available laser copier /printer 
paper may 'be used a« the substrate in the present invention. 

10 

2. f^^ pairrie?r h^^^j; 

The present invention is directed <o -the instant 
barrier layer, which is preferably tbe first coating on tbe 
substrate or support. The barrier layer also assists in 

15 releasing the optional image receiving layer and the release 
layer (s) . The barrier layer comprises a thermosetting and/or 
ultraviolet (UV) curable polymer to help prevent, for 
instance, the image <€.g. toner) and/or Release coating from 
adhering to the substrate. 

20 Thus, the barrier layer is a thermosetting and/or UV 

curable polymeric coating that separates the release layer 
from the substrate- The barrier layer is between the 
substrate^and the release layer. Furthermore, in a preferred 
embodiment of the invention, the barrier layer is present, as 

25 a cold, hot, or "warm" peelable- coat (e.g. peels at e 
temperature, between the no3rmal hot peel and cold peel 
materials) , and remains with the support after, transfer of 
the release layer and optional image receiving layer. 

Materials that fall into the class of thermosetting 

30 polymers should function as either a cool, hot or warm peel 
barrier layer of the present invention. Thermosetting 
polymers are both chemically and physically distinct from 
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t'hermopl-astic polymers, which, among other properties, flow 
upon the addition of heat energy. The fact that the 
* thermosetting material polymerizes to form a layer whioh 
oannot be r-e-melted and flow with heat .energy imparts -both a 
5 -hot ^nd cold speel release property. That is, the 
thermosetting ^nat^erial of t-he barrier layer of the present 
invention will not oindergo a ^temperature dependent physical 
state ^change whioh -can produce, among other pr<^erties, a 
tack that -could provide a physical ac^.erenoe of the release 

10 layer to the support *base. 

Thermosetting ^materials i-ncLude thermosetting acrylic 
■polymers and blends, such ^s hydroxyl- functional acrylio 
polymers ^nd carboxy-fianctional acrylic polymers and vinyl 
acrylic- polymer blends; thesrmosetting polyure thanes, block 

15 polyurethanes ajid aromatic- fvmctional urethanes; 

•thermosetting polyester polymers and co-polymer systems such 
as neopentyl glycol i-sophthalic polyester resins, 
dibromoneopentyl glycol polyester resins and vinyl -ester 
resins; aromatic -functional vinyl polymers and polymer 

20 blends; and thermosetting .epoxy resins, in particular, epoxy 
novolac resins. Generally, the thermosetting polymer 
system (s) must undergo crosslinking reaction (s) over a range 
of temperatures from ambient (e..g. 190^)- to 250^C over a 
•period of less than thirty (30) minutes. 

25 Other 'materials whioh may be usee - in the ^barrier layer 

of the present invention include formulations based on 
polyethylene terephthalate <PET) and its derivctives. PET is 
a well known polyester based resin that is water 
dispersible , film forming and imparts strong water 

30 resistance and hydrophobicity upon drying. 



W0^64685 



PCTA;SOO/]0656 



- 14 • 

Derivatives -of ^pet are well known in the art. -For 
instance, derivatives of polyethylene terephthalates (PET) 
that could potentially be used in the barrier layer of a 
•^thermal transfer sheet will be -discussed in two very general 
5 .categories: copolymers of PET and reaction products of PET 
and various other compounds. The first of these categories, 
copolymers of PET, includes oppolymers of PET and other 
^polymeric materials. The second cat.egory, reaction products 
of PET, preferably post -consumer PET, with other compounds, 

10 includes known .reaction products of PET. 

•Copolymers of PET that may be useful in *the instant 
►barrier layer for a thermal transfer sheet include, but art 
not limited ^to: PET/polyolef in copolymers, PET/polyether 
copolymers. PET/polyester copolymers, PET/polyurethane 

IS copolymers, PET/polysiloxane copolymers, PET/vinylacetate 
copolymers, PET/polyacetate copolymers, PET/ethylenevinyl 
acetate copolymers, PET/polyamide copolymers, PET /ethylene 
acrylic acid copolymers, PET/polyacrylate copolymers, 
PET/polyvinyl chloride copolymers, PET/styrene butadiene 

20 copolymers, PET /polyethylene naphthalate copolymers, 

PET/polystyr^ne copolymers , PET/acrylonitrile -butadiene 
copolymers, PET/styrene-butadiene-styrene copolymers, 
PET /aery lonit irle -butadiene -styrene copolymers , 
PET/acrylonitrile-ethylene-styrene copolymers , 
.25 PET/polychloroprene copolymers, PET/poIyvlnyl acetate- 
copolymers, PET/polyisoprene copolymers, PET/poly (ethyl 
aery late) copolymers, ?ET/polymethacryiate copolymers, 
PET/polyacrylonitrile copolymers, PET/polyvinyl pyrrolidone 
copolymers, PET/polyacrylamide copolymers, PET/polyester 

30 polycarbonate copolymers, and PET/pclycl copolymers. 

A number of reaction products of PET (in either pre- 
consumer, post -consumer, virgin, recycled, or precursor raw 
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form) and various ^diff^r^ent compounds have been cited in the 
patient literature. It is important to understand that often 
times the resultant ^material fosrmed has not been identified 
as anything other than **the reaction product of PET and. . 

•5 . " Often- this i^s because ^-of the con^Iexity of- the materials 
formed which someti^mes eliminates the possibility Cc 
identify a single, sinjple reaction product". For clarity, 
examples are discu-ssed below. 

The reaction product of PET and polycarboxylic acid or 

10 ar^ydride, especially compounds from the group consisting of 
trimelli-tic anhydride, trimellltic acid, and ^maleic 
anhydride. The most relevant example of 'this type of 
reaction is discussed in U.S. Pat . -No. 5, 856 ,551 tc Salesman. 
The synthesis of sulfonated polyester resins from PET 

IS is described -by Salsman in U.S. Pat. No. 5,820,9€2 and U.S. 
Pat. No. 5,2€1,€30. 

Reaction products of glycols and PET. have been report.ed 
in great number in the patent literature. In addition, -many 
of these reaction products undergo further chemistry in 

20 order to exploit all of their potential uses, as described 
in a number of the patents. Examples of PET/glycol reaction 
products include Trowel 1 : U.S. Pat. No. 4,720,571; Brennan, 
,et al : U.S. Pat . No. 4 , 506 ,-0 90 ; Fi sher : U.S. Pat . Nos . 
5,932,666, 5,756,554, 5,552,4 7i8; and Salsman : U.S. Pat. Nos. 

25 5,726,277 and 4,977, ISl. 

Reaction products of amines and diamines with -PET have 
been described by Nakano in U.S. Pat. No. 5, €2 7, €03 and by 
Speranza et al . in U.S. Pat. No. 4,503,197. 

Products of the reaction of. alcohols with PET have been 

30 described in the literature. Rao et al . describe catalyzed 
reactions of alcohols with PET in U.S. Pet. No. 5,252,615. 
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Jhaveri gives an .iexampl^ of uncatalyzed iceaetions of 
al-cohols wi-th PET in U.-S. Pat. No. 5,€9«,«13. 

Sayre ^et al. -gives an .example of reaction prodiact-s of 
PET and acid anhydrides, also known as the acidolysis of 
5 PET, in4J.-S. :Pat. "No. 5,371,112. 

Examples of reaction products of trirnellitic acid 
polyester ether and PET are given by Bathe in U.S. Pat. Nos. 
S, 0^8,393 and 5,'00€,3:6€. 

Aromatic ester polyols can -be produced by t-he tdigestion 
10 of post -consumer PET wi th low molecular wei-ght aliphatic 
polyols as described iby Altenberg and de Jong in U.'S. Pat. 
No. 4,7^1,477. 

Ei&ampljes of the synt»besis of polyols and polyester- 
polyols from PET has been described by Deleon and Shieh in 

IS U.S. Pat. No. 5,360,099 and by Hallmark et a 1 . in U.S. Pat. 
No. 4,673,2:68. Polyols of these types have been further 
reacted to form polyuretbane and polyisocyanurate . foams 
(Trowell U.S. Pat. No. 4,720,571 and Brennan et al . U.S. 
Pat . No . 4,506, 0 90 ) , aroma t ic polyester polycarbonates 

20 (Yeakey et al . U.S. Pat. No. 4,4'6€,4^3), and many other 
useful polymeric compounds. 

Although incorporation of other components into the 
barrier layer ^may be desired for certain applications, PET 
is preferably used as it is provided by the supplier or i-n 

25 aqueous dilution-s ^thereof. Suitable PET metjerials that *may 
be used in the present invention are available from EvGo 
Research, Inc., Atlanta, GA, USA, as EvCote PWR-25. See also 
U.S. Patent 5,658,551. EvCote PWR-25 is a 25% aqueous 
dispersion of post -consumer FET and is known to crosslink 

30 with the addition of heat at about 100 ""C. Upon crosslinking , 
it is a thermoset polymer. Crosslinking of EvCote PWR-25 is 
dependent upon time, air flow, surface area and temperature. 
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■Representative formulations for barrier layers using EvGote 
-are shown in Exanple 25. 
Preferred barrier materials include the following 
mat^eri-als available from the EvGo Researoh 'Company (^PET and 
5 *PET derivativ-es) . 

Barrier Formulas < thermosetting) 

1. 100 partes Evcote PWR-2S 

2. 100 parts :EvGote PWRH-25 
10 3. 100 parts ^EvCote PGliR-25 

Optional Sizing Agent 
1 . 1^0 S^rts PBC-50' 

15 All abo\re listed barrier foarmulas 1-3 are preferably 

coated onto a support using a #10 Metering ^Rod. Desirable 
coat wei-ghts- include a range of between" 0- 5 and 15 s/tt? , 
preferring 1 to 7 g/m^. Upon obating of the Barrier 
Formulation, the 'Ooating is i*e.g\ oven) cured for bet-ween 

20 about ro and 12 0 seconds abov« about lOO^'C 

An optional crossl inking agent <:an ^be added to each 
formula to increase crosslinking speed upon activation by 
air flow and' temperature. Crossl inkers suited for this 
application include, but -are not limited to, aziridine (ie., 

25 lonac PFAZ-322), -aziridine derivatives, melamine (i.e., 
Cymul 323 EvCo, Inc.), and organome tallies like an organic 
titanate such as Tyzor LA (DuPont) . 

An optional sizing agent may be applied prior to 
application of the Barrier Formulation. The optional sizing 

30 agent functions by decreasing the porosity present in the 
support used, and by masking the Barrier Formulation from 
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Starch sizing agent-s found in -many non- woven cellulosic 
-supports. Ther-efor^, Ev<3o PBC-50 can be applied on t^he paper 
machine during manufacturing as a paper sizing. If using 
PBC-50 as a sizing agent, it may optionally "be applied to 
S the -substrate initially, prior to coating the Barri-er Layer. 
When coated onto pre -supplied paper, a #10 Metering Rod has 
been proven effective in decreasing ^porosity and proving 
adequate coverage to ^t-he -base. 

Goating weights -(e.g. of the barrier layer) may range 

10 Irom one (1) gr-am per meter square to 20 grams *per meter 
square, preferably from 1 g/m^ to 15 -g/-m^, most preferably 1 
g/m^ to 8 gAn^. 

The Barrier Layer also <may optionally include an 
effective amount of a release -enhancing additive for 

15 assisting in release of t-he release layer from the barrier 
during peeling, such as a divalent metal ion salt of a fatty 
acid, a ^polyethylene glycol, or a mixture thereof. The 
release-enhancing additive -may be present in an amount of 
fcrom 0.1 to 40% by weight, preferably 0.1 to 20% by weight, 

20 »most preferably 0.1 to 10% -by weight. 

For example, the re le-ase -enhancing additive ^may be 
calcium stearate, a polyethylene glycol having a molecular 
weight of from about 2,000 to about 100,000, or a mixture 
thereof. For a description of suitable thermosetting 

25 polymers, see pa^ges 10 -to 13 of Polvmer iChemistrv. an • 

Introduction . Malcolm P. Stevens, 1S90; and pages 113 and 
299 of Textbook of PoJvmer Science . Fred W. Eillmeyer, Jr., 
19€2. 

In addition to the above -de scribed thermosetting 
30 polymers ultraviolet curable/sett ing materials may be used 
as the barrier layer of the present invention. IN setting 
^materials can be divided into two classes based upon the 
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^mechanism by -whi^ch they set. The first cl^ss -of ultraviolet 
curing/ setting "matfirials set via a -cationic mechanism whil-e 
the second class sets via a free radical mechanism. It is 
important to not«, however, that a number of ultraviolet 
5 curing systaems incorporate both classes i*nto a single 
formulation, typically termed a hybrid resin system. In one 
embodiment of ^the present invention, the ultraviolet curing 
system, .especially when comprising cationic systems, -may 
incorporate -thermosetting polymers, ther^^by resulting in 

10 systems that typically are cured initially by ultraviolet 
activation, then further cured -by e^^osure to a heat source. 
In such .an embodiment, the final coated surface has the "best 
properties of both thermosetting and ultraviolet setting 
systems. As a conseqxience of such multiple pathways to 

15 create the final cured coating, the ultraviolet -setting 
compounds to be listed herein may be activated by any 
combination of the mechanisms described herein. Furthermore, 
the thermosetting or UV curable barrier layer of the present 
invention may be combined with at least one vinyl acetate 

20 polymer. One of ordinary skill in the art- would recognize 
the appropriate mechanism or *mechani-sms by which to activate 
a specific formulation of ultraviolet curing compounds and 
formulations that include both ultr-aviolet curing compounds 
and thermosetting compounds. 

25 Typic-al fo-rmulations of ultraviolet curable -systems are 

composed of primary resins, which provide the major film- 
fomiing properties; modifying resins, which modify the film 
properties to meet specif icet ions for the application in 
which it is to be used; additives, which provide or enhance 

30 specific properties of the film; and photcinit iators which, 
when exposed to an ultraviolet radiation source, begin the 
cross -linking reaction that cures the system. The .UV curable 
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-polymers of the rpresent invention are typically eured at <50 
nuJ/cTh^ with a mercury vapor ultraviolet lamp. 

Primary ^nd modifying r»esins are discus-sed -as a single 
class as they often -cross over from one application to the 
5 next. These ultr-aviolet curable resins i-nclude, but are -not 
limitved "to monomers and oligomers. -Monomers such' as 
mono functional monomers including acrylates, -methacrylattes, 
and ethylacrylates; -difunctional •monomers including various 
diacrylattes and •dimethacrylates , especially -*tripropylene 

10 glycol diacrylate, bisphenol A diacrylates and ^thoxy lathed 
bisphenol A -dimethacrylafces; trifunctional monomers 
including various triaorylates and trimethacrylat.es, 
especially trimethylolpropane ethoxy triaczylate and 
trimethyl propane triacrylat^s; higher functionality 

IS monomers including tetra- and pentaacrylates and 
'pentaacrylate esters; aliphatic and aromatic acrylaues; 
aromati-c urethane acrylates; metallic acrylatea; wat«r 
dispersible monomers such as, for example, 2 (2-eth6xy^thoxy) 
ethyl aery late and polyethylene glycol -di-acrylates; adhesion 

20 promoting monomers such as various acrylate esters and 
methacrylate ^esters; pigment dispersing monomers; aiKi scoroh 
retarding monomers. 

Oligomers such as aliphatic urethane acrylates; 
aliphatic urethane diacrylates; aliphatic urethane 

25 triacrylates; hexa functional aliphatic urethane acrylates; 
hexaf unctional aromatic urethane acrylates; trifunctional 
aromatic urethane acrylates, aromatic urethane acrylates; 
urethane methecrylates ; ^epoxy acrylates; epoxy 
methacrylates ; polybutadiene dimethylaciylates ; diacrylates 

30 of bisphenol -A epoxy resins; modified bisphenol-A epoxy 
acrylate resins; novolac epoxy acrylates; modified epoxy 
acrylates, partially acrylated bisphenol -A epoxy resins; 
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bisphenol-A «poxy diacrylat«s; ;poly.est«r .resins including 
chlorinated .polyester resins, modified polyester r-esins, 
polyester methacrylates, acrylated polyesters, 'modified 
- polyester acrylat^s, modified poly^est^r hexaacrylates, 
5 rpoly-est^rtetracrylat^s, «and 'hexafunctional ^polyester 
acrylat.es ; <:ycloal iphat ic .epoxideresi-ns , .especial ly 3,4- 
^poxycyclohexyl -methyl -3,4, r^poxycyclohexame carboxylate ; 
^modifiied cycloaliphatic epoxides, vespecially acrylat-e 
modified cycloaliphatic .epoxides containing both acrylate 
10. and -epoxy functionalities; aliphatic polyols; partially- 
acrylated bi«phenol-A epoxy resins; and cycloaliphatic 
-diiepoxides . 

Photoinitiators for the ultraviolet curable systems 
include, but are not limited to alpha hydroxy ketone; benzil 

IS dimethyl ketal; benzoin normal butyl ethers; benzophenone ; 
modified benzophenones ; polymeric hydroxy ketones; 
_ trimethylbenzophenone blends; sulfonium, iodonium, 
ferrocenium or -diazonium salts, especially cyclic 1,2- 
propylene ^carbonate -bis-p-diphenyisulf oniumphenylsulf ide 

20 hexaf luorophosphate, and diphenylsulf onium 

hexaf luorophosphate; peroxides; cobaloximes and related 
.cobalt (II) complexes; and organic photoinitiators 'Such as, 
for example, 2 , 2-diethoxyacetophenone, .ethyl" 4 - 
(dimethylamino) benzoate , ^ethyldiethanoloTnine , 

25 isopropylthioxanthone, and especially 2-hydroxy-2-methyl-l- 
phenyl - 1 - propanone . 

Additives that may be used in the above -described 
ultraviolet curable systems include, but are not limited to 
photoinitiator activators; slip agents; leveling agents; 

30 wetting agents; adhesion promoters; ant i -absorption agents; 
anti- foaming agents, especially mixtures of foam destroying 
polymers and polysiloxanes; accelerators; pigment dispersion 
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aids; anti-blocking agents; anti-caking -agents; anti-slip 
agents; ant i -skinning agents; ant i -static agents; anti- 
stripping agents; binders; -curing agents; -cross linking 
agents; -deaerators; diluents; dispersants; - dryers; 
5 emulsifiers; fillers; flatting agents; flow ^control agents; 
gloss agents; har-deners; l\ibri<:ants; mar a?esistance aids; 
whit-eners; plasticizers; ;sol vents; -stabiliTers; surfactants; 
viscosity modifiers; UV stabalizers; OV absorbers; and- wat«r 
repel lants. The ^barri^r layer of the ^present invention may 
10 also oompri'se the cross -linking polymers of 'US 5,603,996 to 
Overcash ^t al. Specifically, see Overoash -et al . at cols. 
5-8. 

That is, t-he barrier coating -composition 'for ttie ooated 
transfer sheet may comprise an acrylic polymer, or r^sin, as 

15 a cross -linkable polymer. Additional cross -linkable acrylic 
polymers include MICHEM -COAT 5€A, made by Michelman, Inc., 
and RHOPLEX.RTM. P-376 and RHOPLEX.RTM. B-15, made by Rohm 
and 'Haas. In addition, styrene- butadiene resins, or 
polymers, ("SBR") are suitable as cross- linkable polymers in 

20 the 'barrier coating composition, including such SBR's as 
MKHEM COAT 5 OH, made by •Michel'man, Inc., and Latex PB 
66S2NA made by Dow Chemical. Blends and/or copolymers of 
cross- linkable polymers "may also be used. Other cross- 
linkable polymers, such as polyurethane polymers and various. 

25 fiuorochemical polymers (e.g., 3B ZONYL.R'm.- 704 0 made by Du 
Font), may also provide the necessary barrier properties. 

A mere specific listing of poljnners that may be used as 
cross -linkable polymers includes, but is not limited to: 
polymers and copolymers of polyidienes) such, as 

30 poly {butadiene ) , pcly (isoprene) , and poly (1 -penetenylene) ; 
poly (acrylics) such as poly (benzyl acrylate) , poly (butyl 
acrylate) (s) , ,poly (2-cyanobutyl acrylate) , poly{2- 
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^€thoxy€thyl .acryl^te) , poly (^thyl acrylate) , poly (2- 

^thylhexyl acrylat^) , poly (fluorome thy 1 acrylat^) . 

,poly (5,5/6,6,7,7,7 - heptaf luoro- 3 -oxaheptyl acrylate ) , 

^poly (beptafluoro-2 -.propyl acrylate) , poly (heptyl acrylate) , 

poly(hexyl acrylate), ;poly (isobornyl acrylate), 

poly (i«opropyl acrylat^e) , poly (3-methoxybutyl acrylate) , 

poly*(tnethyl acrylate) , j)oly(nonyl acrylate), polyioctyl 

acryla>te) , poly<pr<^pyl acrylate) . and poly.(p-tolyl 

acrylate) ; 

poly (acrylami<ies) such as poly < aery lamide) , *poly<N- 
butylacrylamide) , poly <N,'N-ditoutylacryl amide) , poly<N- 
dodecylacryl amide) , and poly<moipholylaorylami'de) ; 

poly<^nethacrylic aci-ds) and poly Cmethacrylic acid 
esters) such as poly<ben2yl methacrylate) , poly<octyl 
■methacrylate) , poly (butyl methaciylate) , poly {2-chloroethyl 
methacrylate), poly { 2 -cyanoe thy 1 methacrylate) , poly(dodecyl 
methacrylate), poly < 2 -ethylhexyl methacrylate) , poly (ethyl 
■methacrylate) , poly (1 , 1 , 1-trifluorc- 2 -propyl methacrylate) , 
poly{hsxyl methacrylate), .poly (2-hydroxyethyl methacrylate), 
■poly (2-hydropropyl met-hacrylate) , poly (i-sopropyl 
methacrylate) , poly (methacrylic acid) , poly<methyl 
methac3rylate) in various forms such as, atactic, i-sotactic, 
syndiotactic, and het-erotactic; and poly<propyl 
methacrylate) ; 

poly (me thacrylami-des) such as poly (-4 -carboxy 
phenylmethacryl amide)-; - 

other alpha -and beta- S'Ubstltuted poly (acrylics) and 
poly (methecryl ICS ) such as poly(butyl chloracrylate) , - 
poly (ethyl ethoxycarbonylmethacrylate) , poly (methyl ■ 
fluoroecryiate) , and poly (methyl phenylacrylate) ; 

poly (vinyl ethers) such as poly (butcxyethylene) , 
poly (ethoxyethylene) , poly (ethyl thioethylene) , 
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(dodecaf luorobutoxyet-hyliene ) , poly poly 2,2,2- 
tr i f luoroethoxytr i f lucroe t^hy Lene ) , poly^l^exyloxye tfhy l.ene ) , 
rpoly (methoxyethylene) , and poly^2-Tnethoxypropylen€) ; 

rpoly (vinyl halides) and poly (vi-nyl mt-riles) such ^as 
5 poly ^acrylonitril^) , poly (1, l-diehloroethyiene) , 
poly tehlorotrif luoroethylvene) , -poly (1 , l-di<:hlo^o-2- 
f luoroet'hyl«ene) , -poly (1, l-difluoroethyltene) , 
poly {met'hacrylonit rile) , poly X vinyl chloride), and 
poly (viny lindane chloride); 
- 10 poly<vinyl -esters) such as poly{vi.nyl acetatje) , 

polyKben'Zoyloxy^t'hyltene) , polyX4- 
butyryloxyhenzoyloxyet'hyLeine) , :poly(4- 

ethylbenzoyloxyethyiene) , poly [ (t-rif l''Uoroaceboxy)*ethylene] , 
poly { (beptafluorobutyryloxy) ethylene] , 

15 poly (formyloxyethylene) , poly 1(2- 

methoxybenzoyloxy ) «t hyl ene ] , poly <pivaloy loxyethyLene ) , and 
poly <propionyloxy^thyi^ne) ; 

poly ('Styrenes) such as, poly < 4 -acetyl styr^ene) , poly (3- 
iA -biphenylyl ) styr*ene] , poly <4 - { j(2 -but-oxyathoxy ) 

2-0 methyl] styrane) , poly (4-butoxymethyl styran.e) , poly (4 - 
•butoxystyrane) , poly (4-butylstyra-ne) , ?poly <4-ohloro•2- 
T^ethylstyrane) , poly (2-ichlorostyrane) , poly (2/4- 
dichlor-ostyrane) , poly (2-athoxyTnethyl -styrane) , poly (4- 
athoxystyrane) , poly {3-athylsty.rane ) , jpoly (4 - f iuorostyrane) , 

25 poly {perf Iuorostyrane) , poly (4 -haxylstyrene) , poly ('4-(2- 
hydroxyethoxymethyl ) styrane] , poly N - ( 1 -hydroxy- 1 - 
?nethylpropyl)styrane] , poly < 2 -methoxymethyl styrane) , poly (2- 
tne t hoxys t yrane ) , pol y ( e 1 pha -Tnet hy 1 s tyr^ene ) , pel y ( 2 - 
cnethylstyrane) , poly (4 -me thoxy styrane ) , pcly(4- 

30 octanoylstyrane) , poly (4 -phenoxystyrana) , poly'(4- 

phenylstyrane) , poly (4-propoxystyrana) , and poly (styrane) ; 
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poly (oxides) such -as .poly tethyl^ne cxides) , 
7poly'{tiet-rahydrof uran) , poly (oxet-anes) , poly (oxybutadiene) , 
poly (oxychloromethyD'athylene] , poly^oxy-2- 
hydroxytr imethylfinedxy- 1 ,4 -phenylenemet'hyl^ne - 1 , 4 - 
5 phenyldsne) , ^poly•(oxy-2,6-diinethQxy-l,4-•phenylHene) , and 
poly (oxy • 1 , 3 -phenylane) ; 

poly (carbonates) such as polycarbcnat^e of Blsphenol A, 
and poly ioxycarbony loxy - 4 , 6 -dimethyl ] • 1 , 2 - 
phenyl enemethyliene -3,-5 -dimethyl -1,2- pheny l«ne ] ; 
10 poly testers) suich as poly. (.ethylene teriephthalate) / 

poly [ (1,2 -<iiet-boxyca3?bonyl )ethylene] , poly ((1,2- 
di-metboxycarbpnyl)etfhyl*ene] , poly-(cixy-2- 
buteny leneoxysebacoy 1 ) , poly ( di (oxye t hylene ) oxyadipoyl 3 , 
poly (oxyethyleneoxycarbonyl -1,4- cyclohexylanecarbonyl ) , 
IS poly(oxyethyleneoxyisophthaloyl) , 
polyldi (oxyethylene)oxyoxalyl] , 
' poly Wi (oxyethyLene)oxysuccinyl] , 
" poly (oxyethy leneoxyuerephthaloyl ) , poly ;(oxy- 1,4- 
phenylaneisopropyi idene- 1 , 4 -phenylene oxysebacoyl ) , ^.-nd 
20 poly '(oxy- 1 , 3 -phenyleneoxyi'SQphthaloyl ) ; 

poly (anhydrides ) such poly (oxyca-rbonyl -1,4- 
phenyLenemethylene- 1 , 4 -phenyl lenecarbonyl ) , and 
poly {'Oxyi^ophthaloyD ; 

poly (ure thanes) such -as poly (oxycarbonyliminohexaiDethyljene- 
25 iminocarbonyloxydecamethyLene) , 

poly (cxyethyl-eneoxycarbonyliTTiiniohexa- 

-methyleneiminocarbonyl ) , poly (oxyethyleneoxycarbonyl iTnino- 
i , 4 -phenyLenetrimethylene- 1 , 4 -phenyleneim inocarbonyl ) , 
poly (oxydodecamethyleneoxycarbonyliminodecamethyleneiminocar 
30 bonyl ) , and poly (oxytetramethyleneoxycarbonyl imino- 1 , 4 - 
phenylenemethylene -1,4 -phenyleneiminccarbonyl ) ; 
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poly (siloxanes) such as, •,poly<-dimet*iylsiloxa3ie) , 
,poly t<)xy-(TOe thyl ),phenyl s i lylene ] , and 
poly^toxydiphenylsilyl^ne-l, 3-phenyl*ene) ; 

poly *{sulf ones) and poly (sulfonamides) such as 
5 poly (oxy-carbonyl ^di (oxy-l,4-pbenylene)'Sulfonyl-l, 4- 

phenyleneoxy- 1 , 4 -phenyLene] , poly (oxy- 1 , 4 -phenyl«nesul f inyl - 
1 , 4 rphenyLeneoxy- 1 , 4 -phenyl-enecarbonyl -1,4 -phenyLene ) , 
tpoly <cxy- 1 , 4 -phenyl^enesulfonyl -1 , 4 -phenylene) , and 
poly (sul'f onyl -1,3 -cycl^ohexylene) ; 
10 poly (amides) such as nylon-€, nylon-'G/e, nylon- 3, 

•nylon-4,:6, nylon-5,:6, nylon-'C^S, *nylon-^,.2, nylon- 6, 12, and 
nylon -12 ; 

poly(imines) such as poly<acetylimi'noethyLene) , land 
poly<val«ryl iminoethyl-ene) ; 
15 poly^benzimidazoles) such as poly (2,6- 

benzimidazoLediyl -6 , 2 -benzimidazolediyloctaTnethylene) ; 

carbohydrates «uch as amylose triacetate, cellulose 
triacetate, .cellulose tridecanoate, ethyl ^cellulose, and 
■methy l-'Ce 1 1-ul ose ; 
20 and polymer ^mixtures and 'Copolymers ^thereof such as 

poly (acrylonitrile-co-styrene) with poly (.e-caprolactone) , or 
poly (ethyl methacrylate) , or poly (methyl methacrylate) ; 

poly (acrylonitrile -co- vinyl idene ohloride) with 
poly (hexamethylene terephthalate) ; 
25 poly (ailyl -alcohol-co-styrene) with poly (butylene 

adipate) , or poly (butylene sebacate) ; poly{n-amyl 
methacrylate) with poly (vinyl chloride); 

bi-sphenol A polycarbonate with poly (e-caprolactone) , or 
poly (ethylene adipate), or poly (ethylene terephthalate) , or 
30 novolac resin; 

poly (butadiene) with poly (isoprene) ; 
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?poly<but-adi>ene-co-styr€n€) with -glycerol *ester -of 
•hydrogenatied rosin ; 

poly (butyl acrylate) wi th ;polytchlorinat'.ed -et'hylene) , 
•or poly^ vinyl chloride) ; 
5 poly<butyl acrylate -co-methyl TOethaciylate) with 

poly < vinyl chloride)-; 

poly<butyl methacrylat-e) with poly (vinyl chloride) ; 

poly (butyl^ne terephthalat^e) with polytethylene 
teraphthal^te) , or poly (vinyl acetate -co- vinylidehe 
10 chlcride) ; 

poly <a-caprolac tone) with poly (chlorostyrene) , or 
poly (vinyl acetat«-co- vi4iyl i<3en€ chl-oride ) ; 

cellulose acetate with :poly (vinyl i-dene chloride-«co- 
styrene) ; 

15 cellulose acetate -butyxate with poly (ethylene-co-vinyl 

acetate) ; 

poly (chlorinated ethylene) with poly (methyl 
'methacrylate) ; 

poly (chlorinated vinyl chloride) with poly(n-butyl 
20 methacrylate) , or poly (ethyl methacrylate) , or 
poly(valerol'avCtone) ; 

poly (chloroprene) with poly (ethylene -co-methyl 
acrylate) ; 

poly (2,6- diTTte thy 1-1,4 -phenylene oxide) with poiy(a- 
2*5 methyl"Styrene-co-'Styrene styrene) , or poly (styrene) ; 

poly (ethyl acrylate) with poly (vinyl chloride-co- 
vinylidene chloride), or poly (vinyl chlcride); 

poly (ethyl methacrylate) with poly (vinyl chloride); 
poly (ethylene oxide) with poly {methyl trethecrylate) ; 
3-0 poly (styrene) with poly (vinyl methyl ether); and 

poly (valerclectone) with poly (vinyl ecetate-co- 
vinylidene chloride) . 
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In a ipr^fierjied embodiment of the invention, . the harrier 
1-ayer is a <:at ionic UV cur^ed/thermoset hybrid system. 
Barrier -Layer Fo2rmulation 1 is an example of -such a hybri-d 
system. Barrier Layer Formulation 1 corapri^s a 
5 -cycloaliphatic -eppxide, optional cycloaliphatic epoxide 
resin, epoxy novolac resin, optional al«oohol, activated 
epoxy, aryl ketone, optional polyacrylate, and optional 
-pol y s i loxane . 

The barrier leyer in the present invention has 

10 essentially no -tack at transfer temperatures from --60® to 
220'*. Additionally, 'there are no primary or ^secondary changes 
-of state -upon heating that would, alter the physical 
characteristics (such as, for example, surface residue) upon 
transfer. Additionally, the barrier layer of the present 

15 invention preferably transfers no residue to the transferred 
image. The barrier layer of the present invention allows 
efficient conduction of heat to the release layer and for 
water based colorants, the -barrier layer preferably provides 
a wat^er barrier that helps prevent penetration of the 

20 substrate. 

An additional embodiment of the barrier layer of the 
present invention is 100 parts (by weight) Polyester Resin 
(Polylite 32-737; ^Reichhcid, Inc.). The polyester coating is 
applied with a dry coat weight of from 1 to 20 g/m^, 

25 preferably 1-15 g/m' and most preferably 1-6 g/m^. Coating 
methods include gravure, metered rod, air knife, cascade, 
etc. Coatings are cured by exposure to thermal energy, that 
ranges from 30*^C to 250°C, preferably 7 0*^C to 2«00^Ci and most 
preferably 100® to 170^C. Curing times range from 10 seconds 

30 to 20 minutes, preferably from 1 minute to 18 minutes, most 
preferably from 8 minutes to 15 minutes. 
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3. The R^l^ase Laver 

The release layer is positioned between the barrier 
layer and an noptional image receiving layer, -or simply 
•5 locatied on ^top of the harrier layer. The release lay^r of 
the present invention transters with the image from -the 
substrata/barrier to -the desi-ried receptor. That is, the 
rel-ease lay^r of the pEescnt invention -must provide -the 
properties to «ef fectively t-ransfer the release layer and any 

10 images and/or optional layers thereon. 'Further, the release 
layer rmst al^so provide for adhesion of the rel-aase lay^r 
and the 'Qptional image r^eiving l^ayer to the receptor 
without the requirement of a separate surface a-dhesive 
layer. Such release layers are known in the art and may be 

15 used with the barrier layer of the invention. For instance, 
note the release layers in several of the 
publications /applications discussed in the . Background 
section of this application. The release layer is 
preferably prepared from, for e'xaitple, a coating composition 

20 compri'Sing e film forming hinder <e.g. acrylic di'spersion) , 
an elastomeric emulsion, a plasticizer, -and a. water 
repellant. The water repellent may comprise, for example, 
polyure thane for the purpose of providing water resistance 
for toner retention and/or a retention aid. Preferably, the 

25 film forming binder melts in the range of '65 to VBCC. 

••Without being bound by any theory, upon back surface 
beating of the substrate, the relea^se layer would undergo .a 
solid to solution phase transition resulting in the transfer 
of the release layer and image and non- image areas and any 

30 optional layers to the receptor. Edge to edge adhesion to 
the receptor occurs upon cooling of the release layer onto 
the receptor. The image receiving layer, image and any 
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optional layers thereon are transferred onto tiie receptor 
and the substrate removed, leaving the image adhered to the 
receptor. If coatings are still hot upon removal, -this is 
knovm a-s a "hot peel" 5product. If the coatings are at room 
5 temperat-ure -upon removal, the product is known as a "-cold 
peel" product. If -the coatings are at a tremperature above 
room temperature but below the -^transfer temperature, the 
product is a "warm -peel" product. The relea«e layer of -the 
present invention prot^ects any tran-sf erred image, provides 

10 tnechanical and thermal stability, as well as washability, 
preferably without losing the flexibili^ty of the tiext.ile. 
That is, the release layer should al-so provi-de a colorfast 
image (e.g. washproof or wash resistant) when transferred to 
the receptor surface. Thus, upon washing the receptor 

15 element ^e.g. tee -shirt), the image should remain intact on 
the receptor. 

Further, the release layer satisfies the requirement 
for compatible components, in that the component -dispersions 
remain in their finely dispersed state af*ter admixture, 

20 without coagulating or 'forming clumps or aggregat.ed 
particles which would adversely affect image quality. 
Additionally, the release layer is preferably non-yellowing. 

The relea'se layer has a low content of organic 
solvents, and any small amounts pre*sent ouring the coating 

25 process are sufficiently low as to ^eet environmental and 
.health requirements. More specifically, t'he release layer 
preferably has a content of organic solvents of less than 2% 
•weight by weight of components. Wore preferably, the release 
layer has a content of organic solvents, of -less than 1% 

30 weight by weight of components. 
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'Various additives may be incorporat.ed into t-he tr«l^ease 
layer or the ^barrier and/or i-mege r«ceivi-ng layer (-s) . 
.Retention aids, wetting agents, plastici-zers and water 
repel lants ^are examples. -Each will 'be <ii-scus'sed in turn, 
5 below. 

Retention Aids 

An additive may be incorporated for the pu^ose of 
aiding in the binding of the applied -colorant such as water- 

10 ba'sed ink jet colorants and/or ^'dry or liquid toner 
formulations. -Such additives -are generally referred *to as 
retention ai-ds. .Retention -aids that have been found to bind 
colorants generally fall into three -classes: -silioas, latex 
polymer and -polymer retention aids. Silicas and silicates 

IS are employed when the color-ant is water-ba-sed such as ink 
jet formulations. An example of widely used silicas -are the 
Ludox "(DuPpnt) brands. Polyvinyl alcohol represents as class 
of polymers that have al*so -been applied to the binding ^of 
ink jet dyes. Other polymers used include anionic polymers 

2*0 such as -Kercobond 2000 ^(Hercules) . Reten 204LS :('Hercules) 
and Kymene 736 <( Hercules) are ca tonic amine -polymer- 
epichlorohydrin edducts used as retention aids. Latex 
polymers include, by ^way of illustration, vinyl polymers *and 
vinyl co-polymer blends such as ethylene -vinyl acetate, 

2S styrene- butadiene copolymers, ■ polyacrylate and -.other 
polyacrylate- vinyl copolymer blends. The retention aids ere 
present in an .amount of from 0.1 to 40% by weight, 
preferably 0.1 to 20%, more preferably from 0.1 to 10%. 
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•Wetting Agents and theology Modifiers 
Wetting agents, rheology ^di fibers and surfactants ^nay 
also be included .in ^the Release Lay^r. Such agents 'inay 
5 veither be anionic, icat ionic or anionic* The surfactant 
selected should be compatible with the class of polymers 
used in a formulation. "For ^example, anionic polymers r^equiTC 
the use of anionic or non- ionic wetting agents or 
surfactants. Likewi-se, cat ionic surfactants are stable in 

ID polymer solution containing cat ionic or «on- ionic polymers. 
Examples of surfactants or wetting agents include, by way of 
illustration, alky l^rhmoni urn ^salts of ;polycarboxylic acid, 
salts of unsaturat-ed polyamine amides, derivativ;es of 
nonoxynol, derivatives of octoxynols <Triton X-100 and 

15 Triton X-114 (Union Carbide) , for example) , dimethicone 
copolymers , sil icone glycol copolymers , polysiloxane- 
polyether copKDlymers, alkyl polyoxy carboxylates , tall oil 
fatty acid-s, ^ethylene oxide -propyl^ene oxide block copolymers 
.and derivatives of ;polyethylane glycol. The wetting agents, 

20 rheology modifiers and surfactants may he present in ^n 
amount of from '0.1 to 4 0% by weight, preferably 0.1 ^to 20%, 
more preferably from 0 . 1 to 10% . 

Viscosity modifiers may also be included. "Generally, 
25 various molecular weight polyethylene glycols are 
incorporated to serve this purpose. Polyethylene glycols 
used generally range in molecular weight from 100 to 500,000 
with molecular weichts between 200 and 1000 being the most 
useful in this application. The viscosity modifiers may -be 
30 present in an amount of from 0.1 to 40% by weight, 
preferably 0.1 to. 20%, more preferably from 0.1 to 10%. 
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iPLastici-'2»ers ' 

Pl^-sticizers 'be included in order to soften hard 

polymer -and polymer -blend additions. Pla-sticizers ^used 
include :polyethyl«ne glycol, and by way of illustration, 
S aromatic derivatives such as di-octyl ph thai ate, *di-decyl 
pht'halate derivativ-es and tri-2-ethyUaexyl trimellitate. 
Aliphatic plastici-zers include -derivatives of ^ethylhexyl 
adipates and €thylh«xyl sebacat^s. ^Epoxidi^ed linseed or 
soya oils may also be incorporated but generally are not 
10 used due to yellowing and chemical instability upon beat 
application. The plastici-zers may be present in an amount of 
from 0.1 to 40% by weight, preferably 0.1 to 20%, more 
prefe2?ably from 0.1 to 10%. 

15 Water Repel lants 

•Water repellant aids ^nay also be incorporated into 
order to improve the wash/wear resistance of the transferred 
image. Exanroles of additives include polyure thanes, wax 
dispersions such as oarna-uba wax, mi^neral wastes, ^nontan wax, 

20 derivatives of montan wax, petroleum waxes, synthetic waxes 
-such as polyethylene and oxidi^zed polyethylene waxes, 
hydrocarbon resins, amorphous f luoropolymers and 
"pclysiloxane derivatives. Water repellents •^mey be present in 
an amount of from 0.1 to 40% by weight, preferably 0.1 to 

25 20%, more preferably from 0.1 to 10%. 

Particularly when the imaging -method is a laser printer 
or -copier, the relea-se layer of the present invention 
preferably excludes wax dispersions derived from, for 
example, a group including but not: limited to natural waxes 

30 such as .carnauba wax, mineral waxes, montan wax. derivatives 
of montan wax, petroleum waxes, and synthetic waxes such as 
polyethylene and oxidized polyethylene waxes. If the imaging 
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^nethod used is a ^nonlaser printner /copier method it is not 
necessary to preferably exclude waxes from use in the 
transfer material. However, the amount of waxes that may be 
present in the transfer -material of the invention when 
5 i^itended for use in leaser printers or oopiers -must be 
sufficiently low as to avoid adverse affects on -copier or 
printer operation. That is, the amount of wax present must 
not cause melting in -the printer or ^copier. 

The above properties make this release layer hi-ghly 

10 suited for -compatibilizing the stringent requirements of the 
electrostatic i-maging process with 'the requirements of heat 
transfer image technology to provide a product having -good 
image ^quality and permanence \ander the ^demandi^ng conditions 
of textile application, wear and wash resistance in use, and 

15 wash resistance such that the image adhesion to the receptor 
element is maintained. The release layer is preferably a 
polymeric ooating designed to provide a release from the 
substrate and adherence to a receptor when 'beat is ^applied 
to the back of the substrate. 

20 Suitable examples of the release layers of the 

invention are nexemplified below. 

In the most preferred .embodiment of the invention 
<Rel€es€ Layer Formulation 1), the release layer conpri'ses 
an ethylene acrylic acid co-polymer dispersion, an 

25 elastomeric ^emulsion, a polyurethane ••dispersion. -and 
polyethylene glycol . 

The acrylic dispersion is present in a sufficient., 
amount so as to provide adhesion of the release layer and 
iiriage to the receptor element and is preferably present in 

30 an amount of from 46 to 90 weight more preferably 70 to 
90 weight % based on the total composition of the release 
layer. 



WO<K)/6468S 



PCTA7SOO/10656 



- 35 • 

The ^l-ast-omeri-c emulsiOT provides the iSltastomeric 
properti-es 'SUch as ^tnechanical stability, flexibility and 
stretchability, and is preferably present in an atnount -of 
from 1 to 4*5 weight %, ^nore preferably 1 to 20 weight % 
5 based -on the total conjiposi-'tion of the release layer. 

The water repell-ant provides water resistance ^nd 
repel ]ency, which enhances the wear resistance and 
washability of ^he image on the ^receptor, end is preferably 
present in an atnoiuit of from 1 to 7 weight %, more 

10 preferably 1 to -S weight % .bas-ed on the ^totel <^mposi'tion of 
the release l-ayer. 

The plasticizier provides plasticity and antistatic 
properties to the transferred i^age, and is pref-erably 
present in an amoxint of from 1 to € weight %, more 

15 preferably 2 to 7 weight % based on the total composition of 
♦the release layer. 

Preferably, the acrylic dispersion is an ethylene 
acrylic acid co-polymer dispersion that is a film- forming 
binder that provides the "release" or "separation" from the 

20 siibstrate. The release layer of the invention may ^utilize 
the film-fonning binders of the image -receptive melt- 
transfer film layer ot U.S. Patent 5,^242,739, which is 
herein inoorporated by reference. 

Thus, the nature of the film- forming binder is not 

25 .known to be critical. That is, any f iim-.forming binder can 
be employed so long as it meets the criteria specified 
herein. As a practical matter, water-dispers.ible ethylene- 
acrylic acid copolymers have been found to be especially 
effective film forming binders. 

30 The tearm "melts" and variations thereof are used herein 

only in a qualitative sense and are not meant to refer to any 
particular test procedure. Reference herein to a melting 
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tenperature or range is »roeant only to indicate an approxima^te. 
tenperature or r-ange at whi<:h a polymer or binder melt« and 
flows \inder the conditions of a Tnelt-transf«r process to 
result in a substantially sinooth film. 
5 Manufacturers* -published *data regardi*ng the melt 

behavior of polymers or binders <:orrelat:e with the melti^ng 
requirements described heasiein. It should be -not^d, ^however, 
that .either a true ^melting point or a softening point may be 
given, depending on the nature of the material. For example, 

10 materials such as polyolefins and waxes, being -composed 
mainly -of linear polymeric molecules, ^generally melt -over a 
relatively narrow temperature range since they are somewhat 
•crystalline below the ^melting point. 

Melting points, if not provided by the manufacturer, 

15 are readily determined by known methods such as differential 
scanning calorimetry. Many polymers, and -especially 
copolymers, are amorphous because of branching in the 
polymer chains or the side -chain constituents. These 
•materials begin tc soften and flow more gradually as the 

'20 temperature is increas^ed. It is believed that the ring and 
ball softening point cf such materials, as determined fay 
ASTM E'2B, is useful in predicting their -behavior. Moreover, 
the melting points or softening points described are better 
indicators of performance than the chemical nature of the 

25 polymer or binder. 

Representative binders (i.e., acrylic dispersion's) for 
release from the substrate are as follows: 

Binder A 

30 Binder A is Michent^ 58035, supplied by Michelman, Inc., 

Cincinnati, Ohio. This is e 35 percent solids dispersion of 
Allied Chemical's AC 560, which is approximately 10 percent 
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acryli-c acid and SO percent ethylene. The polymer reportedly 
has a softening point of 102*C and a Srookf ield viscosity of 
^.'65 pas ^SO centipoi-se) at WO^'C. 

S -Binder B 

This binder is Wichem® Prime 4 983R /.Michel'inan, I-nc, 
•Cincinnati, Ohio). The binder is a 25 per-cent solids 
dispersion of Primacor® 59€3 'mace 'by Dow Chemical "Company. 
The polymer contains 20 percent ac-rylic acid and 80 percent 
10 ethyliene. The copolymer ^has a vicat *soft.ening point of ^AS^C 
and -a ring a^id -ball sdf tening point of lOO^'C. The nmelt index 
of t-he copolymer is 500 g/lO minut^es K'det/ermined in 
accordance with PSIM D-1236) . 

IS Binder C 

Binder C is ^Michem^ 4S90 <Michelman, Inc., Cincinnati, 
Ohio) . The -matjerial is 35 ^percent solids dispersion of 
Primacor® 5990 ?nade by Dow Chemioal Con5)any. Priinacor® 5990 
is a ^copolymer of 20 percent acrylic acid and -80 percent 

20 ethylene. Lt is similar to Primacor^* 5983 ('see Binder B) , 
axcept that -the ring and ball softening point is 93*C. The 
copolymer has a *melt index of 1,300 -g/lO minuties and Vicat 
sof tening point of 39**C. 

25 Binder D 

This binder is Michem^ 37140, a 40 percent solids 
dispersion of a Hoechst-Celanese high density polyethylene. 
The polymer is reported to have e melting point of 100°C. 
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Bincicr E 

This binder is -Michem*^ 32S3S which is an emulsion of 
Allied Chemical Company's AC-325, a hi-gh density 
polyethylene. The melting :point of the polymer is about 
5 138®C. Michem® 32535 is supplied by Michelman, Inc., 
Cincinnati, Ohio. 

•Binder -F 

Binder F is Wichem® 48040, an emulsion of aai Eastman 
10 <3hemi<:al Company microcrystalline wax having a i^elting point 
of 88^C. The supplier is Miohelman, Inc., -Cincinnati, Ohio. 

Binder G 

Binder Q is Michem® 73635M, an emulsion of an oxidized 
15 ethylene -based polymer. The melting point of the polymer is 
about S€^C, The har<iness is about 4-€ Shore-D. The material 
is supplied by »Michelnvan Inc., Cincinnati, Ohio. 

The second oomponent of .Release Layer Formulation 1 is 
20 *an elastomer ic emulsion, preferably a latex, -and is 
compatible with the other components, and formulated to 
provide durability, mechanioal -stability, and a degree of 
•softness and conformability to the layers. 

Films of this rrkaterial must have moisture resistance, 
25 low tack, durability, flexibility and softness, but with 
relative toughness end tensile strength. Further, the 
material should have inherent heat and light stability. The 
latex can be heat sensitized, and the elastomer can be self- 
crosslinking or used with compatible cross- lin.king agents, 
30 or both. The latex should be sprayable, or roll stable for 
continuous irunnability on nip rollers. 
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Elastomer l-at»€xes of the pr^eterred type are produced 
from the <materi^ls and processes set forth in U.S. Patients 
4,956,434 and 5,143,971, which are herein incorporated by 
reference. This curdle latex is derived from a major amount 
5 of acryl-ate monomers 'Such as €4 to Ce alkyl aery late, 
prefer-ably n-butyl aery late, up to about 20 parts per 
'hundi;ed of total monomers of a monolef inically imsaturated 
dicarboxylic aci-d, tnost preferably itaconic acid, a small 
amount of c-rossl inking agent, preferably N-methyl 

10 acrylami-de, and optionally -another monolef inic monomer. 

Using a modified semibatch process in which preferably 
the iteoonic acid is fully charged initially to the .reactor 
with the remaining ^oniDmers added over ti^ne, a latex of 
uni<Tue polymer architecture or morphology is created, 

15 leading to the uni-que rubbery properties of the cured films 
prodixied therefrom. 

The 'third ingredient of Release Layer Formulation 1 is 
a water resistant ^aid «uch as a polyurethane di'spersion 
whi-ch provides a 'self -cross linking solvent and emulsifier- 

20 free aqueous dispersion of an aliphatic urethane-iacrylic 
hybrid polymer which, alone, produces a clear, crack-free 
film on drying having very good scratch, abrasion and 
chemical resistance. This ingredient is also a softener for 
the acrylic dispersion and plasticizer aid. 

25 A water resistant aid may be produaed by polymerizing 

one or ^nore acrylate and other ethylenic monomers in the 
presence of an oligourethane to prepare oligourethane 
acrylate copolymers. The oligourethane is preferably 
prepared from diols and diisocyanates , the aliphatic or 

30 alicyclic based diisocyanates being preferred, with lesser 
amounts, if any, of aromatic diisocyanates, to avoid 
components which contribute to yellowing. Polymeri-zable 
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^monomers, in addition to the usual acrylat^ and methacrylat^ 
lest^rs of aliphatic monoalcohols and styrene, further 
include monomers with carboxyl -groups,, such as acrylic aci-d 
or methacrylic acid, and those with other hydrophilic -groups 
S such as the hydroxyalkyl acrylat«s -(hydroxys thy 1 
methacrylat« being exemplary) . The hydrophilic s^^^^PS in 
these monomers render the copolymer rprod\K:t dispersitole in 
wat'er wit*h .the aid of a 'neutralizing agent for the carboxyl 
groups, such as di^nethylethanolamine, -used in amount to at 

10 least partially neutral i-ze the car-boxyl groups after 
•dispersion in water and vacuum distillation *to remove any 
solvents used to prepare the urethane acrylic hybrid. 
Further formulations <nay include the addition of 
crossl inking components such as amino resins or blocked 

15 polyisocyanates. Although pigments and fillers could be 
added to any of the coating layers, such use to uniformly 
tint or color the coated paper could be used for special 
effect, hut would not be used where an image is desired in 
the absence of background coloretion. ^Urethane aciylic 

20 hybrid polymers are further described in U.S. 5,70=8,072, and 
their description in this ■application is incorporated by 
reference. 

Self crosslinking acrylic polyurethane -hybrid 
compositions can also be prepared by the proces&es e.nd 

25 material s of U.S. 5 , 691 , 4 25 , herein incorporated by 
reference. These are. prepared by producing polyurethane 
macromonomers containing acid groups and lateral vinyl 
groups, optionally terminal vinyl groups, and hydroxy 1 , 
urethane, thiourethane and/or urea groups. Pol>Tnerizat.ion 

30 of these mecroTnonoTners produces acrylic polyurethane hybrids 
which can be dispersed in * water and combined with 
crosslinking agents for solvent -free coating compositions. 
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Ayt-ocrosslin3cable polyurethane- vinyl polymers are 
discussed in <ietail in 5,^23/016 and U.S. S,571,€«l, -and 
their disclosure of these materials is incorporated by 
-r^ef^r^ence. The ypr-oducts usually are polyurethane-^c3:yli-c 
5 hybri'ds, -but with *«€lf-crosslirtking functions. These may *be 
carboxylic acid contai«ning, -neutrali^zed with,. «e.^. ^t*ertiary 
amines such as ethanolamlne, and form useful adhesives and 
coatings from aqueous 'dispersion. 

The elastomeric .emulsion and polyurethane -dispersion 

10 are, .generally, thermoplastic elastomers. Tbearmoplastic 
*elastomeric polymers ar*e polymer bl»ends -and alloys which 
have both the properties of thermopl-astic polymers, such as 
having melt flow cuid flow characteristics, and ^elastomers, 
which are typically polymers which cannot melt- and flow due 

IS to covalent chemical crosslinking (vulcanization). 
Thermoplastic elastomers are •generally synthesized using two 
or 'more monomers that are incompatible; for example, styrene 
butadiene. By building long runs of polybutadiene with 
int^ermittent polystyrene nans, microdomains are established 

20 which imparts the el^stomeric quality to the polymer system. 
•However, since the microdomains are established t-hrough 
physical crosslinking mechanisms, they can be broken by 
application of added energy, such as heat from a hand iron, 
and caused to ^melt -and flow; and therefore, are elastomers 

2S with thermoplastic ^quality. 

Thermoplastic elastomers have been incorporated into 
the present invent ion . in order to provide the Image transfer 
systein with elastomeric quality. Two thermoplastic elastomer 
systems have been introduced; that is, a pclyacrylate 

30 terpoiymer elastomer (for example, Hystretch V-2S) and an 
aliphatic urethane acryl hybrid (for example, Daotan VTW 
1265) . Thermoplastic elastomers can be chosen from a group 
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'that includes, -for ^xamplie, ^ther-^st^er , olefinic, 
polyether, polyester and -styrenic thermoplastic polymer 
isystems, Specific ^examplies include, by way -of illustration, 
thermopl-astic -elastomers such as polybutadiene, 
-5 polybutadiene ^derivatives, ^polyur^thene, ^polyur*e thane 

derivatives, styr»ene-butadiene, styrene -butadiene -styrene, 
acryloni-t rile -butadiene , aorylonitrile-butadi^ene- styrene , 
ac-ryloni«tril€-.ethyliene-styrene , polyacrylates , 
polychlorop-riene, ethylene - vinyl acetate and poly (vinyl 

10 chloride) . ^Generally, thermoplastic elastomers can be 

selected from a group having a glass t-ransition teirperature 
<Tg) ranging f rom about -SO'^C to .about 2S^C. 

The fourth oomponent -of ^Release Layer Pormulation 1 is 
a plasticizer such as a polyethylene glycol dispersion which 

15 provides mechanical stability, water repellency, and allows 
for a uniform, crack- free film. Accordingly, a reason to add 
the polyethylene glycol dispersion is an aid in the coating 
process. Further, the polyethylene glycol dispersion acts as 
an softeni-ng agent. A preferred fourth component is Carbowax 

20 Polyethylene <51ycol -400. available from Union Carbide - 

An ctptional fifth ingredient of Release Layer 
Formulation 1 is e surfactant and wetting agent such as 
polyethylene glycol mono ( (tetramethylbutyi) phenol) ether. 
The surfactant and wetting agent are preferably .present- in 

25 an amount of. from 0.5 to 5 weight i, -more prefes^ably from. 1 

to 3 weight %, most preferably 1% by wei-ght. 

Release Layer Formuletion 1, as £ preferred embodiment 
of the invention, is especially suitable for laser copiers 
and laser printers since it is wax free. 

30 In another embodiment cf the invention (Release Layer" 

Formulation 2) , the release layer comprises an acrylic 
binder and a wax emulsion. The release layer may further 
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<jontaa'n a retention aid such as Hercobond 200€* . The 
retenti-on aid provides washf astaiess , or t-he inhit)ition of 
oolor fadi^ig in the wash, which enhances the wa^hajbili^y of 
-the i^rage on the recejptor. 
5 Alternatively, the binders suitable for Relea-se liayer 

Formulation 1 -may be oised in lieu of the a=bove-descri-bed 
ethylene acrylic acid oopolyme-r dispersion. 

Formulation 2 works in a la-ser printer or oopier 
•despite the presence of wax siwre the wax is present i^i 
sufficiently low atnounts ^so as to not adversely affect 
imaging such as, for example, by melting within the printer 
or oopler (i.e., at wost about 25 parts < weight)) . 

In another embodiment of the invention, 'the release 
layer of U.S. Application No. 09/541,083 to Williams et al . 
15 may be used in the present invention. 

In another embodiment of the invention, the above- 
described release layer is divided into two sep>arate layers . 
An example of this embodiment is a layer comprising ethylene 
acrylic acid that allows release or separation. An elastomer 
20 and polyurethane of the present invention, as well as any 
additives discussed above, are combined in a second layer 
that provides the above -described transfer qualities (i.e., 
washability) . 

25 4 . The Imace Receiving Layer 

The optional image receiving layer functions as a 
colorant reoeptive layer for the image. Accordingly, the 
image receiving layer must be <nodified according to the 
marker that is being applied. However, the image receiving 

30 layer is not required if the selected composition from which 
the image is formed will adhere to the release layer. 
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In an embodiment where the substrat* is maa^kfid.with a 
laser copi^er or pri-nter, the optional image receiving layer 
is ^n ^cryli-c -coating upon which en image is applied. The 
image -receiving layer may ^comprise a film- forming binder 
5 seLect*ed f-rom -the group oompri-sing of .ethylene- aery lio acid 
copolymers, polyolef ioas, and waxes. A pref-erried -binder, 
especially when a la^ser oppier of Laser printer is used in 
accordance wi^h this invention is an ethylene acrylic acid 
co-polymer dispersion {Image Receiving Layer Formulation 1) . 

1-0 Alternatively, the binders suit-able for .Release 'Layer 

Formulation 1 may be used in li-eu of the abov« -described 
ethylene acrylic acid copolymer dispersion. 

In a pr^f-erred embodiment of the invention, when a»n ink 
jet printer is used in accordance with the present 

15 invention, the image receiving layer may utilize the 
-materials of the fourth layer of U.S. Patent S,7S8,179. 
Thus, for practicing the present invention using an ink jet 
printer, the image receiving layer may comprise particles of 
a t-hermopla-stic polymer having largest -dimensions of less 

20 than about 50 micrometers. Preferably, the particles will 
have largest ■dimensions of less than .about SO micrometers. 
More preferably, the particles will have largest dimensions 
of less than ^about 20 micrometers. In general, the 
thermoplastic pol>TTier may be -any thermoplastic polymer which 

25 meets the criteria set forth herein. Desirably, the powdered 
thermoplastic polymer will be selected from the group" 
consisting of polyclefins, polyesters, polyamicies, and 
ethylene -vinyl acetate copolymers. 

The Image Receiving Layer also includes from about 10 

30 to about 50 weight percent of a filrrt- forming binder, based 
on the weight of the thermoplastic polymer. Desirably, the 
amount of binder will be from about 10 to about 30 weight 
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•percent. In general, any film- forming binder ^nay be -employed 
which 'meets the criteria ^et forth -herein. "When the Inmage 
Receiving Layer incLudes a ^^ationi-c polymer as 'described 
below, a noni-onic or «cationi^ dispersion or solution may be 
5 ^employed as the binder. Suitable binders include 
polyacrylat^s , polyethyl^nes , and ^t^iyLene -vinyl " acetate 
oopolymers. The latter are particularly desired 'because of 
their stability in the presence of cationi^: polymers. The 
binder desirably will be heat softenabl<e at -^temperatures of 

10 about IS-C^C or lower le.g. 12*0*). 

T-he 'basis weight of the Image Receiving Layer may vary 
from 'about 1 to about 30 ^/m^. Desirably, the basis weight 
will be from about 1 to about 20 g/m^. The Image Receiving 
Layer ^Tiay be applied to the release layer by means well 

15 Jcnown to those having ordinary skill in the art, for 
example, as described herein below. The Image Receiving 
Layer typically will have a melting point of from about 65 *€ 
to about 180*C Moreover, the linage Receiving Layer may 
contain f-rom about 2 to about 20 weight percent of a 

20 cat ionic polymer, based on the weight of the thermoplastic 
polymer. The cat ionic polymer may be, for example, an amide- 
epichlcrohydrin polymer, polyacrylamides with cat ionic 
functional groups , polyethyieneimiries, polydiailylamines , 
and., the like. When a cationic polymer is present, a 

25 compatible binder should be selected, such as a nonionic or 
cationic dispersion or solution. As is well known in the 
paper coating art, many commercially available binders have 
anionically charged particles or polymer molecules. These 
materials are generally not compatible with the cationic 

30 polymer which may be used in the Image Receiving Layer. 
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One or more other <:omponents -may be used in 'the Image 
■Receiving .Layer. For .^xan^Le, *^this layer may -contain from 
about 1 to about 20 weight peroent of a humectant, based on 
the weight of the ^thermoplastic polymer. Desirably, the 
5 humectant will be -selected from the group consisti-ng of 
ethylene glycol and »poly (ethyl*ene glycol) . The ^poly <athyLene 
glycol) typically will have a weight -average mol^ecular 
weight of f rom about 1*00 to about '40/000. A poly (ethylene 
glycol) having a weight -average molecular weight of from 

10 about 200 -to about 1S,00'0 is particularly useful. 

The Image -Receiving Layer al-so may contain from about 
0.2 to about 10 weight percent of an ink viscosity modifier, 
based on the weight of the thermoplastic polymer. The 
viscosity modifier desirably will be a -poly (ethylene glycol) 

15 having a weight -average molecular weight of from about 
100,000 to about 2,000,000. The poly (ethy lane glycol) 
desirably will have a weight -average -molecular weight of 
from about 100,000 to about '.600,000. 

Other components which may be pras-ent in the Image 

20 Receiving Layer include from about 0 . 1 to about 5 weight 
^percent of a weak acid and from about 0.5 to about 5 weight 
percent of a surfactant, both based on the weight of the 
thermoplastic polymer. A particularly useful - weak acid is 
citric acid. The term ''weak acid" is used herein to mean an 

25 acid having s dissociation constant less than one (or a 
negative log of the dissociation constant greater than 1).. 

The surfactant ^nay be an anionic, a nonionic, or a 
cationic surfactant, when a cationic polymer is present in 
the Image Receiving Layer, the surfactant should not be an 

30 anionic surfactant. Desirably, the surfactant will be a 
nonionic or cationic surfactant. However, in the absence of 
the cationic polymer, an anionic surfactant may be used, if 
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<3esi23^d. Examples -of .anionic surfactants include, ^aniong 
others, linear and branched -chain sodium 

alkyl'benzenesul f ona^^es , 1 inear and 'branched -chai^n alkyl 
•sulfet-^es, and linear and br-anched-<:hain alkyl *et*hoxy 
S •sulfat-es.' <:at ionic surfactants include, by way of 
illustration, tallow trimethylammonium ohlori'de. Examples of 
•nonionic surfactants, include, again by way of illustration 
only, alkyl polyethoxylates, poly^tbdxylated al'kylphenols, 
fatty acid ..etfaanol -amides, oonplex polymers of «tbyl*ene 

10 oxide, propylene oxi^e, and alcohols, and polysilo^xane 
•polyethers. ^Mor^ .desirably, the surfactant will be a 
•nonionic surfactant.. 

The image receiving layer can oont-ain the addition of 
filler agents with the purpose of modulating the surface 

15 characteristics of the present invention. The surface 
roughness and coefficiwent of friction may need to be 
^nodulated 'depending on such factors as desired surface gloss 
and the imaging device's specific papfsr fading 
requirements. The filler oan be selected from a group of 

20 polymers such as, for .example, polyacrylates, polyacrylics, 
polyethylene, polyethylene acrylic copolymers and 
polyethylene acrylate copolymers, vinyl acetate copolymers 
and polyvinyl polymer -blends that have various particle 
dimensions and shapes. Typical particle sizes may range from 

25 0.1 to 500 microns. Preferably, the particle siaes range 
from 5 to lOO microns. More preferably, the particle sizes 
range from 5 to 3 0 microns. The filler may also be selected 
from a group of polymers such as, for example, cellulose, 
hydroxycellulose, starch and dextran. .Silicas and mica may 

30 also be selected as a filler. The filler is homogeneously 
dispersed in the image layer in concentrations ranging from 
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0.1 to 50%. Preterably, ^the filler <:onGentration r-ange is 1 
to 10 percent . 

In additional .embodiments, the image layer of 
Provisional Application No. '60/127, «2S (now U.'S. Application 
S No. -09/'541,O€3) may 4)6 ^tised as the image receiving layer of 
the p3sesent invention. 

The various leyers of the transfer material, are formed 
-by known coatii>g techni-ques, such as toy curtain coating, 
Weyer rod, roll, blade, air knife, cascade and ^gravure 
10 coating procedures. 

The layers of the present invention *may toe prepared, 
coated and transferred as shown in Provisional Application 
'No. '60/127,625 <now U.S. Application No. 0-9/541 ,0€3) . 

The fir«t layer to be coated on the substrate is the 
IS toarrier layer. The toarrier layer followed by the relea-se 
layer, and then the optional image receiving layer. 

In referring to Figure 1, there is generally 
illustrated a cross -sectional view of the transfer sheet -20 
of the present invention. The substrate 21 con^rises a top 
20 and ^bottom surface. The thermosetting and/or UV cur-able 
toarrier layer 22 is coated onto the top surface of the 
substrate 21. The release layer 23 is then coated onto the 
toarrier layer 22. Finally, the image receiving layer 24 is 
coated on top of the release layer 23. Each component in the 
•25 substrate coating plays a -role in the transfer process. The 
thermosetting or UV curable barrier layer solution prevents 
the release layer from permanently adhering to the paper 
stock if paper is used as a support. Within the release 
layer solution, the acrylic polymer provides the release 
30 properties to effectively transfer the printed image from 
the substrate to the receptor. The acrylic polymer within 
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-the image receiving layer -provides a uniform surface *upon 
which, for i-nst'ance , the toner is .^ppli^. 

Aft«r the image receiving layer has ^completely -.dried, 
an cuiti static agent discussed cdbove may be ^aj^lied <o >the 
5 non*coated side of the transfer sheet as an antistatic layer 
25. The ^coating will help eliminate *oopier -or print.er 
jamming -by preventing the elect rost at io adhesion of -the 
^paper «ba«e to the <:opi€r -drum of eleot-rostatic CQpiers and 
printers . . 

10 

The receptor -or receiving element receives t'he 
transferred image. A •suit^able receptor imrludes but is -not 
limited to textiles incl'uding cotton fabric, and cotton 
15 blend fabric. The receptor element may al^ incl^ude glass, 
metal, wool, plastic, ceramic or any other suitable 
receptor. Preferably the receptor element is a -tee shirt or 
the like. 

The image, as ^defined in the pres.ent appl ideation >may be 
20 applied in any desired manner, such as from a color or 
monochrome laser printer or a color or '^mpnpchrome laser 
copier . 

To transfer the image, the imag^ed transfer element is 
placed image side against a receptor. A transfer device 

25 (i.e., a hand iron or heat press) is used to apply -heat to 
the s-ubstrate which in turn releases the image. The 
temperature transfer range of the hand iron is ge-nerally in 
the range of 110 to 220*^0 with about ISO^-C being the 
preferred temperature. The heat press operates at a 

30 temperature transfer range of 100 to 220*C with about 190 
being the preferred temperature. The transfer device (e.g., 
a household iron or a heat press) is placed over the non- 
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itnage side .of the substrate aiid amoved in a circular motion 
<hand iron only). Pressure <i.e., typical pressure applied 
during ir-oning) must be applied as the heating device is 
moved over the substrate <see Figure 1) . After about two 
S minutes to five minutes i(with about thr^e minut*es -being 
pceferr^ed) using a <hand iron and 10 seconds •to 50 'seconds 
using a heat pr^ss <with about twenty -seconds -being 
pr^ferr-ed) of heat and pressure, the transfer devioe is 
removjed from the substrate. T*ie transfer eLement is 

10 optionally allowed to cool from one to five minutes. The 
•substrate is then peeled away from *the inriage which is 
adhered to the receptor. 

Additional embodiments of the present invention include 
substituting the transfer ^terial of the present .invention 

15 as the support and transfer layer in U.S. Provisional 
Application No. «0/05€,4'4€ <now abandoned U.S. Patent 
Application No. 09/138/553), wherein the transfer <naterial 
of the present invention is used in conjunction with a 
silver halide emulsion layer. 'Further, silver halide .grains- 

20 may be dispersed in the release layer of the present - 
invention in the same -manner as described in U.S. Patent No. 
6, 033, .824 issued March 1, 2000. 

The transfer material of the present invention may *be 
used in place of the support and transfer layer of U.S. 

25 Patent Application No. 09/191,373, wherein the transfer 
material of the present invention is ^used in conjunction 
with CYCOLOR technology. The transfer material of the 
present invention tnay additionally be used as the transfer 
layer of U.S. Patent Application No. 09/191,369, wherein the 

30 release layer of the present invention is used in 
conjunction with thermo-autochrome technology. Further, the 
microcapsules may be dispersed within the release layer of 
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the present invention in lieu of a separate transfer layer 
as in U.S- Patent Application No. 0«/S7C,424. 

Jto additional embodiment of the present invention is a 
•coated transfer sheet comprising, as the Release Layer, the 
5 'third layer of U.S. ^Patent No. 5,7SB,179 <o iCronzer <US 
'179) may be used. That is, the Release Layer may cotrpri-se a 
thermoplastic polymer which ^melts in a -range of f-rom about 
6S*^C to about 16.0**C and has a solubility Nparametier more than 
about 19 '(Mpa)^^^ 

1^0 The tWrd layer i-n U.S. '179 functions as a transfer 

*ooating to improve the adhesion of subsequent layers* in 
order to prevent premature <ie lamination of the heat transfer 
material. The layer may -be foanned by applying a coating of a 
film- forming binder over the second layer. The binder may 

15 include a powdered thermoplastic polymer, in which case the 
third layer will include from about 15 to about SO percent 
by wei-ght of a film- forming binder and from about 85 to 
about 20 percent by weight of the powdered thermoplastic 
polymer. In general, .each of the film- forming binder and the 

20 powdered thermoplastic polymer will melt in a range from 
about €-S*^C to about 180 *€. For example, each of the film- 
forming binder and powdered tbermopiastic polymer may melt 
in a range from about 80 ''C to about 120 *C In addition, -the 
powdered thermoplastic polymer will compri-se particles which 

25 are froin about 2 to about 50 micrometers in diameter. 

The following examples are provided for a further 
understanding of the invention, however, the invention is. 
not to he construed as limited thereto. 
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An ^xampl^e of 't^he barrier layer of the present 
invention is Barrier Layer Pormuletion 1: 



wwill^/w Mil U 


Cfeemical »da'SS 


General 
Mparts 
by ^rnass) 


Pr-eferably 
<parts by 
tnas s ) 


^Most 
Preferably ; 
(parts by 
mass) 


Uvacure 
1500^ 


Cyc loa 1 i phat ic 
■epoxide 


10. •0- 
•60.0 


20.0-50.-0 


30.0-40.0 


Uvacure 
15€2* 


Cycloalipahtic 
..epoxy resin ^ 


40.0-0.0 


30. 0-10.0 


25.0-15-0 


DEN 431*" 


«poxy novolac 
r«sin 


5.^0-30.0 


10.0-20.0 


12.0-1€.0 


2 -propanol 


Alcohol 


44 .4-0.0 


38.3-12.4 


30.8-21.7 


Uvacure 


activated 
^poxy 


0.5-7.0 


1.5-6.0 


2.0-4.0 


Ebecryl 
BPO^ 


aryl ketone 


0.1-1.0 


0.2-0.6 


O.2-0.5 


BYK 354^ 


Polyacrylate 


0.0-1.0 


0.0-0.5 


0.0-0.. 4 


BYK 088*^ 


Polysiloxane 


0.0-1.0 


0.0-0.5 


0.0-0.4 



5 



*UCB Cbemical Coropration - Radcure Busioness Unit 

'Chemicals 
''^BYK ^Ghemie 

10 gXAI^PIiE 2 

-Barrier Layer Formulation 1 is •'prepared as follows: DEN 
431, an ^extremely viscous ?naterial, is placed into a beaker 
first, followed by 2 -propanol. The remaining compounds are 
added in the order in which they appear listed in the table 

15 of Example 1. Manual agitation may be required especially 
because of the extreme viscosity of DEN 451. Once mechanical 
agitation is used, the ^mixture is stirred for about 30-^60 
minutes at a rate just below the point where cavitation 
would have occurred. 
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A -Barrier layer -comprising Barri-er Layer -Formulation 1 
is cured as follows: a thin film of barri-er layer 
formulation 1, in the range of 1.0 -gM^ tc 20 g/^m^, is 
5 applied to a substrate and cured at <50 mJ/cm^ wit4i a fnercuiy 
vapor ultraviolet lamp. 

-Example 3 is repeated, and after -UV -curing, tbe film is 
10 further cured at temperatures between «0^C and ZOO** in a -heat 
•chamber for 1 to ^'S minutes. 



An. example of the Release Layer of the present 
15 invention is Release Layer ^Formulation 1: 

Release Layer Fonmilation 1 

Components P^rts bv weight 

EthyLene Acrylic Acid 86 parts 

2-0 Co-polymer Dispersion 

(Michem Pri^me 49€3'R, Micheleian) 

El<istomeric emulsion S mparts 

<Hystretch V-29, BFGoodrich) 

ipolyurethane Dispersion <Daoten 4 parts 

25 VTW 1265, Vianova Resins) 

'Polyethylene "Glycol (Carbowax 4 parts 

Polyethylene ^Glycol 4*00, 
AJnion Carbide) 

Polyethylene Glycol Mono 1 part 

30 ( j(T€tramethylbutyl) Phenol) 

Ether (Triton X-100, Union Carbide) 

;Release Layer Formulation 1 may be prepared es follows: 
five parts of the elastomer dispersion are combined with 
35 eighty-six parts of an ethylene acrylic acid co-polymers 
dispersion by gentle stirring to avoid cavitation. Four 
parts of a polyurethane dispersion are then added to the 
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mixture i Inunedietely following the ^addition ^of a 

polyurethane dispe-rsion, f-our parts of a polyethylene glycol 
•and one ^part of ^an nonionic surfactant {e.^., Triton X-lOO) 
are added. The *entire 'mixture is allowed to sti-r for 
S •approxi-mately fifteen minutes at a ^moderate stir Ta^te (up to 
but not ^exceeding a -rate where cavitation occurs) . ^Onc-e 
thoroughly oonibined, the •mixtur^e is filtnered itor example, 
through a S3 im nylon «mesh} . 

10 rpXftMP?:^E ^ 

A second .embodiment of the Release Layer is *the 
following foarmulation: 

Release layer iPonnulation 2 

IS Components Parts 

Ethylene Acrylic Acid 74 parts < weight ) 

Co -polymers dispersion 

<Micbem Prime 4 938R, Michelman) 

Wax Dispersion (Michelman 73^2SM, 25 parts < weight) 

20 Michelman) 

Retention Aid KKercobond 2000, 1 part (weight) 

■Hercules) 

Formulation 2 may be pr^epared in t-^he following 'manner: 
25 the ethylene acrylic acid co-polymer dispersion and the wax 
dispersion are stirred (for example in a beaker with a 
stirring bar) . The retention aid is added, and the stirring 
continues until the retention aid is cornpletely dispersed. 



30 



The following is a preferred iiriage Receiving Layer 
formulation : 
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Image Receiving Layer formulation 1 

Components ^^^rts 
Ethylene Acrylic Acid 100 parts 

•Co-tpolymers dispersion 
5 (Mi-chem Prime '4983R, Michelman) . 

Below is a pr^ferr^ed image receiving, l^yer formulation 
^that further contains a filler agent : 



Ijnage deceiving Ijayer *Formula^tion .2 



<Iompound Parts 
Ethylene Acrylic Copolymer Dispersion SO to SS 

iMiohem 4'983R, Michelman) 
15 Ethylene Vinyl Acetate -Copolymer Powder 10 to 1 

<Microthen€ F.E-S32-00, Equistar Chemical) 

EXAMPLE 9 

Below is a second preferred image receiving lay^r 
20 formulation -that further contains a filler agent: 



Image Receiving Layer Formulation 3 

Gorapound Parts 
Ethylene Acrylic ■Copolymer Dispersion 90 to $9 

25 iMichem 498 3R, .Michelman) 

Oxidized polyethylene homopolymer 10 to 1 

•{Ao\imi-st A- 12, A^llied Signal Chemical) 



.gyAMPi^S J-0 

3.0 By way of illustration, the image receiving layer may 

oomprise the following formulation compositions: 
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Formulation 


Description 


A 


100 parts Orgasol 3501 EXDNAT 1 lO-Tnicrometer 
average particle size, porous, ^ct>polymer of .nylon 
€ and nylon 12 precursors) , 25 parts Mi-chem Prime 
^4983J?, S parts Triton XlOO and 1 part :Methocel A- 
15 <methyl cellulose). The coating weight is 3.S 
lb. per 1300 square feet. 


B 


Like A, but with 5 parts of Tamol 731 per lt)0 
parts Orgasol 3501, and the Metholcel A- 15 is 
omitted. 


C 


Like a .Reichold 57.-635 release -coat (a modified 
poly < vinyl acetate)), but containing 50 parts -of 
Tone 0201 ia low -molecular weight 
polycaprolactone) per 100 parts Orgasol 3501. 


D 


100 parts Orgasol 3501, 5 parts Tamol 731, 25 
parts Michel Prime 4983 J? and 20 parts PEG 20M. 


•E 


100 parts Orgasol 3501, 5 parts Tamol 731, 25 
parts Michel Prime 4 9835? and 5 parts rPEG 20M (a 
po iLyetnyj^ene <gj.ycoi iiaviny o ^uiwj.<e'wuj.cii wj. 
20,000) . 


F 


100 parts Orgasol 3501, 5 parts Tamol 731, 25 
parts Michem Prime 4 9831? and 20 parts PEG 20M (an 
ethylene glycol oligomer having a molecular weight 
of 200) . 


<3 


100 parts Orgasol 3501, 5 parts Tamol 731 and 25 
parts Sancor 12€7€ (Sancor 12-676 is a heat 
sealable polyurethane) . 



EXAMPLE 11 

A transfer sheet of the present invention is prepared 
as follows: 

5 A barrier layer comprising Barrier Layer ^Formulation 1 

is coated onto a copier ,paper substrate . The barrier layer 
polymer dispersion is coated by, for example, applying the 
dispersion in a long line across the top edge of the paper. 
Using a MIO metering rod, the -bead of solution is spread 
10 evenly across the paper. The coated paper is cured as 
previously described. Coating can also be achieved by 
standard methods such as curtain, air knife, cascade, etc. 
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Cnce the barrijer layer has completely <:ur*ed, the 
-rel^ea-se lay^r solution is coated directly on -t-op of the 
barrier layer. For -this Example, the rel-ease layer i-s 
Release Lay^r Formulation 1. The release layer solution is 
5 applied in a long line across the t-op ^dge of the paper ^nd 
barrier lay^er. Using a #30 metering rod, the bead of 
solution is spr«ead •.evenly across the substrate. This 
drawdown procedure is twice repeated. The coated paper is 
force air *dri»ed for approximately two minutes. 

I'O Once the release layer *has completely •dried, the 

^optional) image receiving layer solution is coated dir^ectly 
on top of the release layer. -For the rpurposes of this 
^Exaitple, *the image receiving lay^r is Image Receiving Layer 
1. Accordingly, the image receiving lay^r comprises €thyl-ene 

15 acrylic acid. The image receiving layer solution is applied 
in a long line across the top edge of the release layer. 
Using a #4 ^metering rod, the bead of solution is spread 
evenly across the substrate. The coated substrate is force 
air dried for epproxi-mately one minute. 

20 Once -^the siabstrate is dry, it is placed into a laser 

4 • 

printer or copier and iinaged upon. The following tabl-e can 
be used as a guide to determine optimum coating weights and 
thickness of the Sarrier, -Release and Image Layers: 



Coat Weights and Thickness 




Wet Coat 
(g/m') . 


Dry Coat 
(gV) 


Thickness 
(mil) 


Barrier Layer 


28 


1 to 20. 


0.04 to 0.80 


Release Layer 


96.2 


12 to 50 


0.48 to 2.00 


Image Layer 


20 


2 to 25 


0.05 to 1.0 
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EXAMPLE .12 

This •Exairple demonstrates the image 'transfer proc-.edur*e . 
Referring -to Fi-gure 2, to transfer the iwage, (1) the 
5 sxabstrate -2*0 is placed image side against a receptor 30 *of 
the present invention. In this example, receptor 3^ is a tee 
-shirt. A transfer device of tite pre sent invention (i.e., a 
hand iron or heat press) is used to apply heat to the 
substrate 2>0, which in *tum releases the image 10. The 

10 temperature transfer range of -the hand iron is abput 190*^C. 
The heat .press opera t^es at a ^t-emperature t-ransfer range of 
about 190*'C. (2) The transfer device is placed over ^he non- 
ifnage side of the substrate 20 ^nd moved in a circular 
motion (if the hand iron is used) . Usual pressure applied 

15 when ironing is applied as the heating device is moved over 
the s^ibstrate 20. After about 180 seconds (15 seconds if 
using the heat press)' of heat and pressure, the transfer 
device is removed from the substrate 20. The substrate 20 is 
allowed to cool for about five minutes. (3) The subs-trate 20 

20 is then peeled away from the receptor. 

EXAMPLE 13 

Referring to Figure 3, the method of applying an ifnage 
to a receptcr element will be described. Wore specifically, 

25 Figure 3 illustrates how the step of heat transfer from the 
transfer -sheet 50 to a tee shirt or fabric 62 is performed. 

The transfer sheet is prepared, and imaged upon as 
described herein. A tee shirt 62 is laid flat, es 
illustrated, on an appropriate support surface, and the 

30 imeged surface of the transfer sheet 50 is positioned onto 
the tee shirt. Aji iron 64 set at its highest heat setting 
is run and pressed across the back 52A of the transfer 
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sheet. The' image and nonimage -areas a-re trans fer3c;ed to the 
tee shirt and *the transfer sheet is removed and discar<ied- 

5 A transfer sheet of the present invention is compared 

with a ^transfer material of U.S. Patent 'No. 5,79«,179 ^to 
Kronzer. Both formulations comprise a subst»rate coated with 
a Barrier Layer and bverooated with a heat- act ivat:ed ReLease 
Layer. The siabst-rate is imaged upon and transferred to a 

10 receptor with *the application of -heat and pressure . 

The -transfer sheet of ^he present invention comprises a 
barrier layer using Barrier Layer Formulation 1, and ^the 
tr-ansfer sheet of U.S. '179 is prepared using a barrier 
layer solution of Synthemul 97635-00, a polyvinyl acetate, 

15 available from ReicWiol-d Chemicals, Inc., Research Triangle 
Park, N.C. 

The release layer solution of the present invention for 
this Exanple comprises Michelman Michem Prime 4 9.8 3 R (8£ 
Parts) , BF ^Goodrich Hystretch V-2'9 (5 parts) , Union Carbide 
20 Carbowax PG 4O»0 H parts), Vianova Caotan VTW 12:65 <4 parts) 
and Triton X-100 (1 part) with a 3 .'0 ^mil (wet) coat 
thickness 1 

The release layer solution for the transfer ^naterial of 
"U.S. Patent No. 5,798,179 to Kronaer is 100 ;par-ts MicfceLman 
25 .Michem jPri^ne 49€3R with a 3.0 mil <wet) coat t:hickiies&. 

Two sheets of standard ink jet printer tpaper are -coated 
(3.0 mil (wet) coat thickness) with the above Barrier Layer 
solution and forced air dried for one minute. After drying, 
one sheet is coated with the above -described U.S. '179 
30 release layer solution (3.0 ^mil (wet) coat thickness) and 
the other sheet is coated with the above -described present 
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invention release layer -^solution. The sheets are agai*n f-or-c^ 
air dri^d for one minute. 

The 'dried sheets are imaged -upon ^using a -col-or laser 
.printer. The -obtained images are transferred onto a 1*00% 
5 ootton receptor in accordance with ^Example 12 using a hand 
iron at ISO^'C for 3 •minut:es. The images are allowed to ^cool 
for 2 minutes. Once cool, the transfer 'Sheets are peeled 
away from the receptor (i.e., a cotton tee -shirt). The 
receptor is washed five times on -noo^mal cycle with Tide* 

10 -brand -detergent <cold wash, cold rinse) . The r-eceptor i-s 
•dried after each wash cycle on low heat for 30 minutes. 

The image ^tr^sferred in . accordance with -t-he present 
invention is une>5>ectedly superior in color 'saturation, 
image detail, image cracking, and fabric adherence. The 

15 pres^ent invention is also •xmexpectedly superior with respect 
to resistance to damage during repeated machine washings. 

A -transfer sheet ^of the present invention is coated 
20 with a silver halide emulsion. 

Silver halide ^grains as described in Example 1 of *U.'S. 
Patent Application No. 09/138, '553 are prepared by mixing a 
solution of '0.3 H silver -nitrate with a solution of 0.4 *M 
sodium chloride. 

25 Thus, in this example, the silver hali^de grains are 

coated on top of the present transfer ^naterial in the same 
manner as in conventional photographic systems. 

The sensitized paper is exposed and processed in the 
same luanner as described in U.S. Patent Application No. 

30 09/138/553. That is, the sensitized paper is exposed to room 
light for about 30 seconds and then developed in color 
treatment chemistry known in the art as RA-4 (Eastman 
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Kodak). The working solution RA-4 is a ^paper . development 
color process. The -coupler magenta, cyan -or yellow ^olor 
coupling dy« is added to the RA-4 working solution ^before 
development. Therefore, it is similar t-o the »col6r 
S development process known as the K-14 Kodachrome process 
'<Eastman kodak) . The t^est sample is a sample of what a 
fnagenta layer (red-blue hue) would look like if •separat.ed. 
The resulting uniform image -contains ±>oth the silver and 
color coupler dyes. Both the material and -dye image can. 
10 withstand bleaching to remove silver, thereby leaving only 
the color image. The material is then dried. 

The resulting photographic i-mage is transferred as in 
Example 12, above. 

15 EyAMPiL^g 

Example 15 is repeated, except that the silver halide 
grains are disper-sed in the Release Layer of the present 
invention in t»he same inanner as described in U.S. Patent No. 
6,033,824 issued March 7, 2000, where the silver halide 

20 grains are dispersed in the transfer layer. 

A layer of ;photosensitive microcapsules as described in 
U.S. Patent 4, 904 ,-645 is coated onto the transfer <naterial 

25 of the present invention in the manner described in -Example 
1 of U.S. Patent Application No. 09/151,373. Then, the 
coated sheet i-s then image -wise exposed through a -mask -for 
5.2 seconds using a fluorescent light source. The exposed 
transfer sheet is processed at high temperatures with a 

30 coiendaring roll as de-scribed in Example 1 of U.S. Patent 
No. 4,751,165. After exposure the transfer sheet is then 
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applied to a receptor in the -manner <iescri-bed in Example 1-2, 
above . 

.p)p^p^E ;Le 

S ^Example 17 is repeated, except tlxe microcapsules ar^ 

-dispersed in the Release Layer -of the p-resent invention in 
•the same manner as the microcapsules a-re di'spersed in •the 
transfer layer as shovm in Example 1 of U.S. Patent 
Application No . 08/970 , 424 . That is , photosensitive 

10 microcapsules are prepared in Che manner described in U.S. 
Patient 4,904,*645 and are -dispersed in the Release Lay^r -of 
the present invention. The transfer sheet is then pr^par^ed 
in the -manner described in Example 11 of t:-he present 
invention. Then, the coated sheet is then image-wise exposed 

15 through a ma-sk for 5.2 seconds using a fluorescent light 
source. The exposed sheet is processed at high temperatures 
with a calendaring roll as described in Example 1 of U.S. 
Patent No. 4, 751, 1^65. Aft«r exposure the transfer sheet is 
then applied to a r.eceptor in the manner described in 

20 ;Exaraple 12, ^ahoyre. 

The light-fixable thermal recording layer according to 
Example 2 of USP No. '4,771,*032 is -coated onto the transfer 

25 -tnaterial of the present invention in the same «manner as in 
Example 1 of U.S. Patent Application '60/065, "854 , where a 
li-ght-f ixable thermal recording layer according to Example 2 
of USP No. 4,771,032 is coated onto the transfer layer. The 
obtained recording material is then subjected to the 

30 procedure described in U.S. Patent No. 5,486,446 as follows. 

Applied power to thermal head and pulse duration are 
set so that the recording energy per area is 35 mJ/mn^. The 



WO^/54685 



PCT/USOO/10656 



• «3 - 

writi-ng of the heat -sensitive recording -material is 
conducted using a thermal head <KST type, a product of 
Kyocera K.K. ) . 

•Subsequently, the recording irat^rial is -e^gsosed to ah 
5 ultraviolet lartp (light emitting central wavelength: -420 nm; 
output 40W for 10 seconds. Appli^ed power 'to the thermal head 
and pulse -duration are again set so that the r^ecording 
^energy per .unit anea is 62 mJ/mm^, and writing of the ^heat- 
sensitive recording material is conducted londer ^these 

10 applied -energies. 

'FurtherTTiore , <the .recording ^raterial is exposed to. an. 
ultraviolet lamp (light emitting central -wavelength: 3.65 nm; 
output: 40W) for 15 seconds. Applied power to the thermal 
head and pul-se duration are again set so that the recording 

IS energy per imit is B€ <mJ/mm^, and writing of the heat- 
-sensitive recording material is conducted under these 
conditions. The coated transfer sheet is prepared, exposed, 
^nd developed according to U.S. Patent ?^plioation 
09/191,369. 

20 

EXAMPLE 20 

Example 19 is repeated, ^except that the microcapsule- 
^containing dir^ect thermal recording. imag.i*ng element is 
dispersed in the release Layer in the same manner as the 

25 microcapsules are dispersed in the transfer mat-erial as 
shown in U.S. Patent Application No. 08/970,424. That is, 
the Tnicrocapsules ere blended together with Release Layer 
Formulation 1 of the present invention. The transfer sheet 
is then exposed as demonstrated in Example 19, above. The 

30 exposed transfer sheet is then transferred as demonstrated 
in Example 12, above. 
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SXAMPLE 21 

^xainpl« 11 is repeated, except tiiat once the iiriage 
layer 'has ^completely dried, the following .antistatic layer 
is coated on the backside of ^the substrate (the previously 
5 non -coated side) . 

Antistatic I«ayer "Solution Fonmilation 1 

Water 50 part's 

-Ouatemary ammoniuni salt solution 10 parts 

10 <Statlk-Blo.k J-2, Amstat I-ndustries) 

The antistatic solution is applied in a lojig line 
across the top edge of the substrate using a 4f4 ^metering 
rod. The coated substrate is for-ce air dried for 
15 approximately one minute. 

The antistatic solution of this Example has the 
following characteristics: the solution viscosity as 
measured on a Brookfield DV-I+ viscometer, LVl spindle '® €0 
.RPM is 2.0 (cP) at 24.S''C. The coating weights <wet) are lO 
20 to 20 ^/m^. The surface tension is €9.5 -dynes/cm at 24®C. 

Once the substrate ^nd ^antistatic coating are -dry, the 
coated transfer sheet is placed into an electrostatic 
printer and imaged upon. 

25 EXAMPLE 22 

Example 21 is repeated, except that the following 
formulation is used -as the antistatic layer and is coated on 
the backside of the substrate (the previously non- coated 
side) : 
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Antistatic Layer Solution formulation 2 
Water 90 parts 

Polyether (J^arklear ALF-23, 'Witco Ind.) 5 part«. 

5 .JBXA^tPJ^E 23 

A transier sheet of the present invention is prepar^ed 
as follows: 

Barrier -Layer Formulation 1 is -coated onto a substrate 
of the present invention .as -shown in Example 11. 

10 Once t-he barrier layer has oompletely cured, the 

release layer solution is coated •directly on top of . the 
barxier layer. For this Example, the release layer is the 
third 1 ayer of U.S. Pa tent No . S , 7 96 , 1 7 9 to Kron^er . . The 
release layer solution is applied in a long line across the 

15 top edge of the paper and barrier layer. Using a -#30 
metering rod, the bead of solution is spread evenly across 
the substrate. The coated paper is force air -dried for 
approximately two minutes. 

Once the release layer has completely dried, the 

20 ^optional) i^ge reoeiving layer ^solution is ooated directly 
on top of the release layer. For the purposes of this 
Example, the image receiving layer is Image Receiving Layer 
1. Accordingly, the image receiving layer oomprises ethylene 
acrylic acid. The image receiving layer solution is -applied 

25 in a long line across the top edge of the release layer. 
Using a #30 metering rod, the bead of solution is spread 
evenly across the substrate. The coated substrate is force- 
air dried for approximately two minutes. Once the substrate 
is dry, it is placed into a laser printer or copier and 

30 imaged upon. 
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■EXAM.RLE.24 

This fbtampl^ <iefnonstratjes different •solution 
viscosities, wet coating weights, end surfeoe ^tension for 
-pref^rrned nEormulations Release Layer Formulation 1, 'Barrier 
5 Layer Formulation 1, and Image Layer Formulation 1; 





Solution 






Viscositi-es* 




Solution 


Viscosity IcP) 


Temperature { *C ) 


Barrier Layer 


100 


27.8 


■Rel^ease Layer 


125 


28.9 


Image Layer 


ISO 


27.8 


Antistatic Layer 


2.0 


24 .5 


* Viscosities ineasuE.ed on a Brookf ield 


DV- 1 +vi scometer , 


LV2 spiiadle ^ 


€0 RPM 






Coating Weights <wet) 




Solution 


g/ft^ 


g/m^ 


Barrier Layer 


2.53 


27.22 


Release Layer 


9.41 


I'Ol .23 


Image Lay^r 


1.58 


17.^00 


Antistatic Layer 


1.67 


18.00 



1-0 





Surface Tension of - Each Solution 

iSurfaoe Tension 
(dynes /cm) 


Temperature 


Barrier Layer 


43.5 


24 


Solution 






Release Layer 


4^6.2 


24 


Solution 






Image Layer 


50.5 


24 


Solution 






Antistatic Layer 


69.5 


24. 


Solution 
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EXAMF^L^g .25 . 

Suitable formulations using PET tEvCot-e PWR-25) for use 
in barrier layers are shown below. Variations within the. 
upper and lower limits illustrated by Mixtures A ^and F 
5 should be understood as being within the scope of the 
invention, although they are not ^xplioitly set forth i>elow. 

Barrier laver f ormulatione ugj^ng P^T 

-Mixture PPT (partg) Water (payt^) 

10 A I'OO 0 

B 90 10 

75 25 

D -67 33 

E 50 50 

15 F 33 !67 

All cited patents, publications, copending 
aj^lications, and provisional applications referred to in 
this appli-cation are herein incorporated by reference. 

20 The invention being thus described, it will be obvious 

that the same *may be varied in inany ways. Such variations 
are not to be regarded as a departure from the spirit and 
scope of the present invention, and all such •modifications 
as would be obvious to one skilled in the art are intended 

25 to be included within the scope of the following claims. 
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What is -claimed is: 

1. A coat*ed transfier sheet coinprising: 
a subst'-rate having a first and 'second surface; 
at l«ast one -barrier layer conprising a polymer 

sel^t-ed from the ^roup consisting of a thermosetting 
polymer, an ul-traviol^t curable .polymer, and combinations 
-ther^eof; and 

at least one reliease layer comprising a film -forming 
hinder overlaying said at least one barrier layer . 

2. The coated transfer sheet of claim 1, wherein said 
•release layer compri-ses a film- forming bifider, ^n 
elastomeric emulsion, a water repellant and a plasticiaer . 

3. Th^ coated transfer sheet of claim 2, wherein -said 
wherein said film-forming binder is an acrylic dispersion, 
*said water repellant is polyurethane dispersion -and said 
plasticizer is a polyethylene glycol. 

4 . The coated transfer sheet of claim 3 , wherein said 
acrylic dispersion is an ethylene acrylic acid dispersion. 

5. The coated transfer sheet of claim 3, wherein 
2s said film- forming hinder ^elts in the range of 

from about €5^0 to about- 18-0''C; 

said elastomeric emulsion has a Tg in the range of 
from -SO^'C to 2 5^C; 

and said polyurethane dispersion has a Tg in the 
30 range of from -SO^C to 25''C. 



15 



20 
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•6. The ^coatued transfer sheet of claim 1, which 
further cornprise-s polyethyljene glycol . 

7. The coafeed transfer sheet of -claim 5, wherein 
5 said film- forming binder is present in an amount of 

from about 4^ to about 90 percent by weights- 
said el^astomeric emulsion is present in an amount of 

from 1 Co about 45 percent by weight; 

said polyuret-hane -dispersion is present in an amount of 
10 from 1 to about 8 percent; 

and said release layer further ^comprises polyethylene 

glycol present in an amoxint of from 1 to about B percent by 

weight . 

IS 8. The coated transfer sheet of claim 1, which further 

comprises at least one image receiving layer overlaying said 
at least one release layer, said image receiving layer 
comprising an ethylene acrylic acid co-polymer di-spersion. 

20 9. The coated transfer sheet of claim 7, wherein 

•said film- forming binder is present in an amount of at 
least about 86 percent by weight; 

said elastomeric emulsion is present in an amount of at 
least about S percent by weight; 
25 said polyurethane dispersion is present in an amount of 

at least a^bout 5 percent; 

and said pclyethylene glycol is present in an amount of 
at Least about 4 percent by weight. 

30 10. The coated transfer sheet of claim 6, wherein said 

polyethylene glycol comprises a polyethylene glycol mono 
I (tetramethyl. butyl) phenol) ester compound. 
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11. The coat^ transfer sheet of claim 2, wherein sai<i 
elastomeric -emulsion is selected from the -group consisting 
of polybutadiene, polybutadi>en€ derivatives, polyurethane, 
5 polyurethane derivatives, styrene -butadiene, styrene- 

butadiene -styTiene, aery loni^rile -butadiene, acrylonitrile- 
butadiene - styrene , acrylonit rile -ethylene - styrene , 
polyacrylates, polychloropj^ene, ethylene - vinyl acetate and 
poly (vinyl chloride) . 

K) 

a2. The coated ta?ansfer sheet of claim 1, wherein said 
thermosetting polymer is selected from the group consisting 
of thermosetting acrylic polymers and blends; thermosetting 
polyuret hanes , block polyurethanes and aromat ic - functional 
15 urethanes; thermosetting polyester polymers and co-polymer 
systems; aromatic -functional vinyl polymers and polymer 
blends; and thermosetting epoxy resins. 

13. The coated transfer sheet of claim 12, wherein 
20 said thermosetting acrylic polymers and blends are hydroxyl- 

f\anctional acrylic polymers, carboxy-'f unctional acrylic 
polymers -and vinyl acrylic polymer blends. 

14. The coated transfer sheet of cleim 12, wherein 
25 -said thermosetting polyester polymers -and co-polymer systems 

•ere neopentyl glycol iscphthalic polyester resins, 
dibromonecpentyl glycol polyester resins .and vinyl ester 
resins. 



30 15. The coated transfer sheet of claim 12, wherein 

said thermosetting epox>- resins are epoxy novolac resins. 
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1-6. The <:oat.ed transfer -she^t of claim 1, ^whex^ein said 
ultraviolet -curable polymers are sel-ected from the -group 
•consisting of cat ionic mechaniBm setting W curdle 
polymers, fr«e radical mechanism setting UV cur-able rpolymers 
5 and a hybrid resin system comprising both cationic mechani'sm 
and free radical ■mechanism setting UV curable polymers. 

17. The coated transfer sheet of claim 1, wherein -said 
thermosetting or ultraviolet curable .polymer is combined 

10 wi-th at least one vinyl acetate polymer. 

18 . The coated transfer sheet of claim 1 , wheasetn said 
ultraviolet curable polymer comprises monomer -and oligomer 
primary resins. 

19. The coated transfer sheet of claim 18, wherein 
said monomer primary resins comprise monofunctional 
monomers , -di f unct ional -monomers , t r i f unct ional monomers , 
higher functionality monomers, water dispersible moiK)mers, 

20 adhesion promoting monomers, pigment dispersing -it^nomers and 
scorch retarding ^monomers. 

20. The coaled transfer sheet of claim 19, wherein 
'Said monofunctional 'monomers are selected from the 

25 group consisting of acryl^ates, 'methacrylates, and 
ethylacrylates ; 

said dif unct ional monomers are sel ected f rom t he group 
consisting of diacrylates and diTOethacryletes; 

said tri functional ^nonomers are selected from the group 
30 consisting of triacrylates and trimethacrylates; 

said higher functionality monomers are selected from 
the group consisting of tetra- and pentaacrylates and 
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tpentaacrylate .enters, aliphatic and aromatic aery lathes; 
aromatic ur€than€ acrylafces and metallic acrylates; 

-said wat«r di-spersible monomers are sel^ct-ed from the 
group <:onsisting of 2 (2-.ethoxyethoxy) ^thylacrylate and 
5 poly-ethylene glycol diacrylates, and 

'said adhesion promoting ^nonomers are selected from -the 
group consisting of aorylate asters and methacrylate asters. 

21- The coated transfer sheet of claim 20, wherein 
10 -said diacrylates and dimethacrylaees ar€ «l«ct»ed from 

t-he group consisting of tripropyl-ene glycol diacrylat-e, 
-bispbenol A diacrylates and ^ethoxylated bisphenol A 
dimethacrylaties, and 

said triacrylates and trimethaciylates are s«l.ect«d 
15 from the group consisting of trimethylolpropane ethoxy 
triacrylate and trimethyl propane triacrylates. 

22. The coated transfer sheet of claim 18, wherein 
•said oligomer polymer resins are selected from the group 

20 consisting of aliphatic urethane acrylates; alipha'tic 
•urethane diacrylates; aliphatic urethane triacrylates; 
hexaf\aictional aliphatic urethane acrylates; hexaf unctional 
aromatic urethane acrylates; trif unctional aromatic urethane 
aery 1 a tes , aroma t ic urethane acrylates ; urethane 

25 'methacrylates ; epoxy acrylates; epoxy methacrylates; 
polybutadiene dimethylacrylates ; diacrylates of bisphenol -A 
epoxy resins; modified bisphenol -A epoxy acrylate resins; 
novol^c epoxy acrylates; modified epoxy acrylates; partially 
acrylated bisphenol -A epoxy resins; bisphenol -A epoxy 

30 diacrylates; polyester resins; cycloaliphatic epoxide 
resins; modified cycloaliphatic epoxides; aliphatic polyols; 
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partially acrylated >bi-sphencl-A eppxy resins ; and 
cycloaliphatic diepoxi-deis . 

23. The coated transf>er sheet of -claim 22, wher»ein 

5 said fpoly^ster resins are sel*ect€d from the group 

<:onsisting of <:hlorina't»ed poly^est^r r.esi«is, -modifi^i 
polyester r^esi^ns, poly^st^r methacrylat-es, aorylat«d 
polyesters, modified polyester acrylates, modified polyester 
^hexaacrylates, polyester tetra-crylates, and hexafunctional 
10 polyester acrylates; 

said -cycloaliphatic epoxi'de resins. is .3,4- 
epoxycyclohexyl -methyl -3,4, -.epoxycyclohexane ^carboxylate ; 
and 

said modified cycloaliphatic epoxides are selected from 
15 the -group consisting of acrylate modified cycloaliphatic 
epoxides containing both acrylate and epoxy functionalities. 

24. The ooated transfer sheet of claim 1, wherein said 
•barrier layer comprises an acrylic polymer. 

.20 

25. The coated transfer sheet of claim 1, wherein said 
barrier layer comprises a styrene- butadiene resin. 

26. The coated transfer sheet of claim 1, wherein said 
25 barrier layer .comprises a poiymer selected 'from the group 

consisting of: poly(dienes) , poly (methacrylics) , 
poly (acrylamides) , poly (me thacrylic acids) , poly (vinyl 
ethers), poly(vinyl halices) , poly (vinyl esters) and 
hydroiyz^ed or partially hydrolyzed versions thereof, 
30 poly (styrenes) , poly (oxides) , poly (carbonates) , 
poly (esters) , poly (anhydrides) , poly (ure thanes) , 
poly (siloxanes) , poly (sulf ones) , poly (sulfonamides) , 
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poly (amides) ^poly (imi-nes) , •poly (ben2imi'dazoles) , and 
carbohydrates, and copolymers derived from any of the 
foregoing . 

'5 27. The coated transfer sheet of -claim 1, wherein 'sa id 

barrier layer conprises a *cycloaliphati-c epoxide, optional 
cy-cloaliphatic epoxide resin, .eipoxy novolac resin, ctptional 
alcohol, activated epoxy, aryl ketone, optional 
polya cry late, and optional polys iloxane. 

1.0 

28. The coated transfer sheet of claim 1, wherein ^said 
barrier layer is present in a dry 'Coat amount of from 1 to 
20 g/Tcf. 

IS 29. The coated transfer sheet of claim 1, wherein said 

release layer is present in an amount of from 12 to SO g/m^. 

30. The coated transfer sheet of -claim 8, wherein said 
image receiving layer is present in an amoimt of from 1 to 

20 20 g/m^. 

31. The coated transfer sheet of claim 1,. ivhich 
further comprises an antistatic layer coated on said second 
surface of the substrate, wherein said antistatic layer 

25 -comprises a quaternary ammonium salt solution. 

32. The coated transfer sheet of claim 1, which 
further comprises an antistatic layer coated on said second 
surface of the substrate, wherein said antistatic layer 

30 comprises a polyether solution. 
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33. A coatied -transfer sheet of <:laiin 1, wherein said 
release layer comprises: 

a film- forming binder which melts in ehe range of from 
about €S^C *to about 1^=0**C:; 
5 a wax di'spersion; and 

a retention aid. 

34. The <5oated transfer sheet of •claim 33, wherein 
said film- forming binder is selected from tbe group 

10 consisting of .ethylene -acrylic acid copolymers, polyolef ins, 
and waxes. 

35. The coated -transfer sheet of claim 33, wherein 
said wax di-spersion is selected from the -group consisting of 

15 natural and synthetic waxes. 

3€. The coated transfer -sheet of claim 33, wherein 
said retention aid is selected from the group consisting of 
polyvinyl alcohols, polymer latexes and ^silicates. 

20 

37. The coat^ed transfer sheet of claim 33, which 
further con^rises at least one image receiving layer 
overlaying said at least one release layer, wherein said 
image 2:eceiving layer comprises ethylene -acrylic acid 
25 copolymers. 

3«8. The coated transfer sheet of claim 33, wherein 
said thermosetting polymer is selected from the group 
consisting of thermosetting acrylic polymers and blends; 
30 thermosetting polyurethanes, block polyurethanes and 
aromatic -functional urethanes; thermosetting polyester 
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polymers and cx)-;polymer systems; aromatic- functional vi*nyl 
polymers ,and polymer blends; and thermosetting epoxy r-esins. 

39. The ooat^d transfer sheet of claim 38, wher^ein 
5 said thermosetting aorylio ;polymers and blends are hydrpxyl- 

functional acrylic polymers, carl>oxy- functional acrylic 
polymers and vinyl acrylic -polymer blends. 

40. The coated transfer sheet of claim 38, wherein 
1-0 said ^thermosetting polyester polymers ^nd co-ipolymer systems 

are neopentyl olycol isophthalic .polyester resi^is, 
"dibromoneopentyl glycol polyester resins and vinyl ester 
resins . 

IS 41. The coated ^transfer sheet of claim 38, wherein 

said the3:TOosetting epoxy resins are epoxy novolac resins. 

42. The coated -transfer sheet of claim 33, wherei^n 
*«ai'd ultraviolet curable polymers -are selected from the 
20 -group consisting of -cationic mechanism setting UV curable 
polymers, free radical mechanrsm setting UV curable polymers 
"and a hybrid resin system comprising both cationic mechanism 
-and free radical mechani-sm setting UV curable polymers. 

25 43. The coated transfer sheet of claim 33, wherein 

said thermosetting or ultraviolet curable -polymer is 
combined with at least one vinyl acetate polymer. 

44. The coated transfer sheet of claim 33, wherein 
30 said ultraviolet curable polymer comprises monomer and 
oligomer primary resins. 
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45. The coated *tr&nsf»er shreet of claim 44, wherein 
said 'monomer primary ^r^esi^ns comprise monofunctional 
monomers , ^i f unct ional monomers , t r i f unc t ional ^monomers , 
higher functionality monomers, water dispersible monomers, 

S adhesion promoting -monomers, pigment dispersing inonomers and 
scorch -retardi-ng monomers . 

46. l>he coated taransfeer sheet of claim 45, wherein 
-said inonof unct ional monomers are selected from -the 

10 -group consisting of acrylates, metiiacrylates, and 
ethyl aery l-ates ; 

said KJif'unct ional -monomers are sel«ctfid from the ^group 
♦consisting of di^crylates and dimethacrylates; 

said tri functional monomers ar€ selected from the group 
15 consisting of triacrylates and triinethacrylates; 

said higher functionality tnonomers are selected . f rom 
the group consisting of tetra- and pentaacrylates -and 
pentaacrylate esters, -aliphatic «nd aromatic acrylates; 
aromatic urethane aciylates and tnet-allic acrylates; 
20 said water dispkersible "monomers are selected from the 

group consisting of 2 {2-ethoxyethoxy) ethylacrylat-e and 
polyethylene glycol diacrylates, and 

said adhesion promoting .monomers -are selected from the 
group consisting of acrylate ^esters and methacrylate asters. 

25 

47. The coated, transfer sheet of claim 4€, .wherein, 
•said diacryletes anc3 dimethacrylates are selected from 

the group consisting of tripropylene glycol <iiacrylate, 
bisphenol A diacrylates and ethoxylated bisphenol A 
30 dimethacrylates, ^nd 
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said triaoryl-at^es *and trimethacry lathes are ..reelected 
from ^the -group consisting of trimethylolpropane ethoxy 
triacrylate and -trimethyl propane triacrylates . 

5 '4B . The coaled transfer sheet of <:laiin 44 , wherein 

said oligomer polymer resins are selected from the -group 
-consisting of aliphatic ur^thane acrylat-es; aliphatic 
urethane diacryl^t*es; aliphatic urethane triacrylat*es; 
hexafunctional aliphatic: -urethane acrylates; hexafunctional 

10 aromatic urethane ^acrylates; trifaincti<^al .aromatic urethane 
acrylates, aromati-c urethfioie acrylates; urethane 
methacrylates; epo'xy acrylates; epoxy •methacrylates ; 
.polybutadiene dimethylacrylates; diacrylates of toisphenol - A 
epoxy resins ; modified bisphenol -A epoxy acrylate resins ; 

15 novolac epoxy acrylates; modified epoxy acrylates; partially 
acrylated bi'sphenol-A epoxy resins; bisphenol -A ..epoxy 
diacrylates; polyester resins; cycloaliphatic epoxide 
resins; modified cycloaliphatic epoxides; aliphatic polyols; 
partially acrylated bisphenol -A ^poxy resins; and 

20 cycloaliphatic diepoxides.. 

49. The coated transfer sheet of claim 4«,. wherein 
•said polyester resins are selected from the group 

consisting of chlorinat.ed polyester resins, modified 
25 polyester resins, polyester . methacrylates, acrylated 

polyesters, modified polyester acrylates, modified polyester 

hexaacrylates, polyester tetracrylates, and hexa functional 

polyester acrylates; 

said cycloaliphatic epoxide resins is 3,4- 
30 epoxycyclohexyl -methyl -3,4, -epoxycyclohexane carboxylate ; 

and 
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sal-d modified cycl'oaliphatic .epoxides are selected f^roTn 
the -group consisting of acrylat^ TOodifi*ed ^ycloaliphatic 
-epoxi'des containi-ng 'both acrylate and ^poxy functionalities. 

S -SO. The <:oatad transfer sheet oi claim 33, wher^ein 

sai-d -bar-ri^r layer <!ompri«es an -aorylic polymer. 

51. The -coated transfer sheet of claim 33, wherein 
said -barrier layer <:omprises a styrene -butadiene resin. 
10 - 

'52. The Tcoat-ed transfer 'Sheet of -claim 33, wherein 
said tbarrier layer ^comprises a polymer «elect^ed f rom ^the 
group consisting of: polyl^ienes) , poly Imethacry lies) , 
poly (aery lamides) , poly<methacrylic acids), poly (vinyl 

15 ethers), :poly<vinyl halides) , poly<vinyl esters) and 
hydroly^d or partially hydrolyzed versions ther^f, 
poly<styrenes) , poly (oxides ) , poly {carbonates ) , 
poly '(esters) , poly (anhydrides) , poly (oirethanes) , 
•poly (-siloxanes) , .poly (sulf ones) , poly (sulfonamides) , 

20 »poly (ami-des) poly (imines) , ,poly<ben2imi<iazoles) , and 
carbohydrates, and oopclymers derived from any of t'be 
foregoing. 

•53. The coated transfer sheet of -claim 33, wherein 
25 said barrier layer comprises a cycloaliphatic epoxide, 
optional cycloaliphatic epoxi-de resin, epoxy novplac resin, 
optional alcohol, activated epoxy, aryl ketone, optional 
polyacrylate, and optional polysiloxane. 

30 S4 . The coated transfer sheet of claim 33, wherein 

said barrier layer is present in a dry coat amount of from 1 
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to 20 g/m^; and sai-d release layer is present in an amount of 
f rom 12 to SO g/m^. 

55. The ooated transfer sheet of claim 33, which 
S further ^comprises an anti-static layer coated on said second 
surface of the s\ibst r^ate , wherein said antistatic layer 
comprises a ^aternary ammonium salt -solution. 

5^. T*he coated transfer -sheet of claim 33, which 
10 further coirprises -an antistatic layer coat^ed on said second 
surface of the suibstrate, wherein said anti-static layer 
comprises a polyet^her solution. 

S7. A method of applying an image to a receptor 
15 element which comprises the steps of : 

(i) imaging the coated transfer sheet of claim 1, 

(ii) positioning the front surface of the transfer 
sheet against -said receptor element, 

(iii) applying energy to the rear surface of the 
20 transfer sheet *to -transfer said image and release layer to 

said receptor element, 

(iv) optionally allowing the substrate to cool, and 

(v) removing ^the substrate and barrier layer from the 
receptor element . 

25 

'58. The method of claim 57, wherein said imaging is 
provided by an electrostatic printer or .copier. 

59. The method of claim 57, vherein said imaging is 
30 provided by offset or screen printing. 
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reo. The ^method of <:laim *57, wherein said imaging is 
provided by craft -type marking. 

61. The method of claim €0, wher.ein said ^craft-type 
5 marking is selected from the group consisting of markers, 
"Crayons, paints or pens. 

:62. A -coated transfcer sheet comprising: 
a substrate having a first ^nd second surf-ace; 
10 ;at Least one barrier lay^r overlaying said first 

^surface, wherein said barri-er layer comprises a polymer 
selected from the group ^consisting of a -thermosettioig 
polymer, an ultraviolet <:urable polymer, and oombinations 
thereof; and 

15 at l-east one release layer overlaying said at l^ast one 

barrier layer, said release layer conprising: 

a ^thermoplastic polymer which melts in a range of from 
about ^'S^C to about 1€0^C and has a solubility parameter less 
than about 19 IMpa)^''^; and optionally 

20 at least one iuiage receiving layer overlaying said at 

least one release layer, said image receiving layer 
con^prising an ethylene acrylic acid co-polymer dispersion. 

t63. The coated transfer sheet of claim 1, further 
25 comprising 

at least one silver halide light sensitive -emulsion 
layer containing light sensitive silver halide grains. 

64. The coated transfer sheet of claim 1, wherein said 
30 release layer has light sensitive silver halide grains 
dispersed therein. 
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65. The -coatad -transfer sheet of claim 1, fu-rther 
comprising at l«ast oixe layer of photosensitive 
microcapsules or at le^st one layer of photosensi-tive 
•microcapsultes and developer in -the same layer or at l<east 
5 «one layer of phot-osensi«tive microcapsules and developer in 
separate layers coatted on ^he ^transfer sheet. 

€'6. The coated transfer sheet of claim 1, furtJier 
comprising photosensitive microcapsules or photosensitive 
10 microcapsules and "developer dispersed in the release layer. 

€7. The coated transfer sheet of claim 1, furt-her 
comprising 

at least one theirmal recording layer coated on the 
15 surface of the transfer sheet, wherein said at least one 
thermal recording layer contains heat -responsive 
microcapsules capable of creating an. image. 

€8. The coated transfer sheet of claim 1, wherein said 
20 release layer f urther comprises heat -responsive 
microcapsules cap^le of creating an image. 

-•69. The coaled transfer sheet of claim 1, wherein said 
image layer further comprises an ethylene vinyl acetate 
25 copolymer powder. 

70. The coa'ted transfer sheet of claim 1, wherein said 
irrtege layer further 'comprises an oxidized polyethylene 
homopolymer . 

30 
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71. A ^c-oat^d sheet comprising: 

a substrata having a first and second surface; 

at least -one barrier layer comprising a polymer 

selected from the *group consisting of a thermosetting 
5 polymer, an ultravioljet curable polymer, and combinations 

thereof. 
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